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The  Problem  of  Evolutionary  Cyto-and  Histochemistry 

Ya .  A .  Vinnikov 

The  Laboratory  of  Evolutionary  Morphology  of  the  Institute 
of  Evolutionary  Physiology  of  the  Academy  of  Sciences  USSR, 

Leningrad 

As  a  result  of  the  fruitful  synthesis  of  morphology, 
physiology  and  biochemistry,  and,. in  a  number  of  cases,  of 
biophysics  as  ■well,  a  new  biological  discipline  has  arisen 
at  the  present  time --cyto-and  histochemistry,  which  has 
been  called  "The  Special  Path  of  Synthetic  Biologic  Research" 
(Shabadash,  1949)*  This  discipline  permits  the  posing  and 
resolution  of  a  number  of  new  general  biological  problems, 
the  solution  of  which  has  not  been  possible  for- any  of  the 
above-listed  sciences  separately.  Cyto-  and  histochemistry 
in  many  instances  afford  the  possibility  of  detecting  the 
structural  distribution  of  processes  occurring  in  organs, 
tissues  and  cells.  With  the  aid  of  cyto-  and  histochemlcal 
methods,  it  is  possible  to  determine  the  presence  and  dis¬ 
tribution  of  a  number  of  chemically  active  substances  (gly¬ 
cogen,  nucleic  acids,  enzymes,  and  functional  groups),  which 
determine  the  structure,  function  and  metabolism  of  the 
living  substrate.  Grea^t  importance  attaches  to  the  efforts 
now  being  made  to  unite  cytochemistry  and  histochemistry  with 
electron  mAcroscopy  (Barnett  and  Palade,  1958)  and  xvith  X-ray 
structural  analysis  (Oster,  1957).  In  this  respect,  an  out-' 
standing  example  of  such  a  closed  circle  among  morphology, 
physiology,  biochemistry  and  biophysics,  leading  to  a  new 
synthetic  understanding  of  certain  structures,  may  be  seen 
in  the  studies  of  myosine  carried  out  by  V.  Ac  Engel ’gardt 
(1941,  1945),  A,  Szent-Gyorgi  (194?)  and  othsrsj  of  collagen 
by  A.  A,  Tustanovskly  and  others  (1958) j  of  mitochondria  by 
P.  She  strand  (1957),  0.  Lindberg  and  L.  E]:’ffister  (1957),  A.L. 
Shavadash  (1957)  and  others;  and  of  desoxyrlbomoleic  acids 
in  connection  with  the  structure  of  chromosomes  by  D.  Watson 
and  P.  Krik  (1957) . 

Even  in  these  examples  it  can  be  seen  that  the  study 
of  the  special  localization  of  chemically  active  substances, 
which  are  the  principal  participants  in  definite  energy 
processes  and  which  determine  certain  specific  functions,  is 
in  many  cases  also  the  key  to  an  understanding  of  cellular 
structure.  These  chemical  substances,  especially  the  en- 
zyraes,  are  strictly  adapted  to  specific  structures  (Engel’ - 
gardt,  1945). 

Despite  the  still  limited  possibilities  of  modern 
cytochemlcal  methods  as  compared  with  biochemical  methods. 
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they  nevertheless  permit  in  many  cases  the  placing  of  a 
bridge  between  structure  and  biochemical  processes.  As  is 
known,  biochemical  methods  also,  despite  their  ready  accessi 
bility,  suffer  from  a  number  of  basic  shortcomings.  One  of 
the  most  important  of  these  is  the  necessity  of  using  dis¬ 
rupted  organisms,  tissues  and  cells.  Isolated  nuclei,  mito¬ 
chondria,  and  mlcrosomes  which  have  been  isolated  with  the 
aid  of  differential  centrifugation.  Therefore,  only  a  com¬ 
parison  of  biochemical  and  cytochemical  findings  will  permit 
a  solution  of  the  problem  of  the  localization  of  one  or  an¬ 
other  biochemical  process  in  definite  structures  *  The  exist 
ing  data  indicate  that  the  distribution  of  chemically  active 
substances  depends  on  the  cells  of  which  they  are  a  com¬ 
ponent  part . 

It  is  precisely  the  different  spatial  distributions 
of  chemically  active  substances  in  living  systems  which  de¬ 
termine  the  special  features  of  their  structure,  function 
and  metabolism.  In  other  words,  metabolism  and  energy  are 
apparently  regulated  by  the  diversity  of  spatial  distribu¬ 
tions  of  different  chemically  active  substances.  In  what 
way  does  this  spatial  mechanism  evolve  in  time?  The  answer 
to  this  question,  in  our  opinion,  is  a  problem  for  evolu¬ 
tionary  cyto-  and  histochemistry.  The  appearance  of  chem¬ 
ically  active  substances  and  their  entry  into  the  composi¬ 
tion  of  structures  where  they  are  especially  localized,  de¬ 
termining  structure,  function  and  metabolism,  is  undoubtedly 
connected  with  a  prolonged  evolutionary  process  and  is  deter 
mined  by  the  laws  of  heredity,  mutation,  and  natural  selec¬ 
tion  of  organisms .  Such  an  idea  follows  from  the  findings 
of  evolutionary  morphology  (Shinikevlch,  1908j  Mechnlkov, 

I9IT J  Severtsov,  1939;  Shmal 'gauzen,  19^0;  Zavarzin,  19^1j 
1945,-  Khlopln,  1946,  and  others),  of  evolutionary  physiology 
(Orbell,  1942,  1958;  Glnetsinskiy,  19453  Koshtoyants,  1945> 
1957  and  others),  and  of  evolutionary  biochemistry  (Krebs, 
1945,  Verzhblnskaya,  1957).  Unfortunately,  there  are  still 
no  data  on  evolutionary  biophysics  and,  in  particular,  on 
the  evolution  of  the  physical  comiposition  and  the  state  of 
living  substances. 

The  idea  that  the  diversity  of  spatial  distributions 
of  chemically  active  substances  in  living  substances  is  de¬ 
termined  by  the  peculiarities  of  their  evolution  will  be 
Illustrated  in  a  number  of  examples. 

As  is  Prnown,  organisms  are  divided  into  aerobic  and 
anaerobic,  depending  on  the  character  of  their  metabolismi. 
Among  the  anaerobic  organisms  are  a  few  bacteria  which  do 
not  posesss  the  ability  to  utilize  oxygen.  A  considerable 
miajorlty  of  organlomis  belong  to  the  facultative  anaerobes, 
which  can  live  under  both  aeroboc  and  anaerobic  conditions . 
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Multicellular  organisms,  for  the  most  part^.are  strictly 
aerobic.  However,  In  the  cells  of  animals,  certain  processes 
can  nonetheless  occur  also  under  anaerobic  conditions,  at 
which  time  energy  Is  derived  from  glycogenolysls  or-glyco- 
lysls .  ' 

Without  dwelling  on  the  details  of  the  cycle  of  gly¬ 
cogenolysls,  let  us  remember  only  that  monosaccharides  ab¬ 
sorbed  from  the  food  are  stored  in  the  liver  cells,  where 
sugar  is  converted  into  glycogen.,  In  the  cytoplasm  of  liver 
cells,  glycogen  is  localized  throughout  In  the  form  of 
luminous  microscopic  granules.  Glycogen  Is  found  also  In  the 
skeletal  musculature,  where  It  is  found  in  a  diffuse  form 
in  anisotropic  discs,  (Schublch,  1956)  .  In  the  photo-re¬ 
ceptors  of  the  retina,  glycogen  is  localized  in  the  area  of 
the  myoid  In  the  form  of  granules  (Muller,  1926).  In  the 
hair  cells  of  the  organ  of  Corti,  and  in  the  labyrinttiine 
vestibule,  glycogen  is  distributed  throughout  the  cytoplasm 
In  the  form  of  granules  (Vinnikov  and  Titova,  1957  C) .  In 
nerve  cells  glycogen  is  connected  in  the  neurons  with  the 
Nlssl  substance,  i.e.  with  ribonucleic  acid  (RNAK  forming 
a  " pro te inpolysaccharide"  complex'  (Shabadash,  19^9)  • 

Particular  Interest  ,, inheres  In  the  fact  that,  in  the. 
nerve  cells  of  the  brain  of  lower  vertebrates  and  also  in 
the  retina  and  the  labarynth,  the  content  of  glycogen  is  con¬ 
siderably?  higher  than  in  warm-blooded  animals  (Shabadash, 
1949*  Verzhblnskaya ,  1957;  Vinnikov  and  Titova,  1958  E.). 

A  reduction  in  the  content  of  glycogen  in  the  brain 
and  sense  organs  of  the'ihigher  vertebrates  is  naturally  con¬ 
nected  with  the  considerable  development  of  the  circulation 
of  them.  However,  in  the  brain  of  contemporary  mammals  also, 
the  most  ancient  part  of  the  brain  is  distinguished  by  the 
highest  content  of  glycogen  and,  consequently,  by  a  higher 
level  of  glycolytic  metabolism.  In  the  brain  of  marmrials 
(rats  and  rabbits) ,  glycogen  is  localized  in  the  neurons  of 
the  paraventricular  zone,  primarily  in  the  Cerea  postrema, 
in  the  vjall  of  the  third  ventricle  and  in  the  aqueduct 
(Shimizu  and  Moricaya,  1957)  •  Similarly,  there  is  a  prefer¬ 
ential  localization  here  of  the  enzyme  phosphorylase  which 
takes  part  in  the  catalysis  of  a  reversible  reaction:  gly¬ 
cogen  plus  inorganic  phosphate  gP.ucose-l-phosphate . 
Phosphorylase  is  localized  in  the  cytoplasm  of  nerve  cells, 
outside  the  mitochondria.  At  least  this  is  what  one  may  con¬ 
clude  from  the  results  of  the  cytcchemical  method' developed 
by  Shimizu  and  Okada  (1957)-  Hence,  in  the  brain  of  mam¬ 
mals,  the  distribution  of  glycogen  and  phosphorylase  is 
strictly  connected  with  its  phylogenetlcally  most  ancient 
parts. 

The  peculiarities  of  locallzctlon  and  distribution  in 
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mammals  of  the  substrates  and  enzymes  connected  with  glyco- 
genolysls,  as  noted  by  the  histochemical  methods,  are  re¬ 
flected  in  the  phylogenesis  of  vertebrate  animals,  as  shown 
when  their  brains  are  studied  with  the  aid  of  quantitative 
biochemical  methods.  N.  A.  Verzhblnskaya  (1957)  showed  that 
the  direction  of  changes  In  the  level  of  ana.eroboc  glycolysis 
of  the  brain  In  the  phylogenesis  of  verteorates  Is  directly 
opposite  to  that  of  the  Intensity  of  respiration.  In  tne 
brain  of  cold-blooded  vertebrates,  anaerobic  glycolysis 
yields  a  high  index.  At  37.5  degrees,  the  Q  N2/CO2  (the  Q. 
N^/C02  Is  e^uS.!  to  the  number  of  mlcrollters  of  CO2  dis¬ 
placed  from  the  bicarbonate  of  Ringer's  solu'tlcn  by  acids 
formed  In  the  process  of  anaerobic  glycolysis,  per  milli¬ 
liter  of  dry  weight  of  brain  per  hour) .  In  the  brain  of  fish 
this  Is  16  to  29;  In  amphibia,  I8  to  26;  In  turtles  and  dil¬ 
ates,  20  to  24;  in  birds,  8  to  15;  and  in  mamriials,  12.  Hence, 
the  capacity  of  brain  tissue  for  anaerobic  production  of 
energy  iiS  reduced  in  warm-blooded  animals .  On  the  other 
hand,  there  Is  a  marked  increase  in  the  oxidative  metabolism 
of  the  brain.  For  example,  according  to  the  findings  of  N. 

A.  Verzhblnskaya,  the  Q  O2  of  the  brain  at  20  to  2o  degrees 
in  cyclostomata  and  fish  is  1.8  to  5*2;  In  amphibia,  2.1  to 
2.4;  and  In  reptiles,  birds,  and  mammals,  12  to  l4 . 

Hence,  both  biochemical  a;-j.d  histochemical  findings 
confirm  the  idea  of  Putter  (19C5)  (cited  by  N.  A.  Verzhbin- 
skaya  in  1957)  that  anaerobic  m^etabclism  connected  with  gly- 
cogenolysls  Is  the  more  primitive  type  of  m.etaoollsm.  In 
the  course  of  evolution  this  type  has  gradually  given  way  to 
the  more  perfect  oxidative  type. 

The  distribution  of  substrates  and  enzymes  of  oxida¬ 
tive  respiration  and  their  localization  in  the  brain  tissue 
confirms  this  Idea  and  finds  its  explanation  in  it.  We 
shall  not  dwell  on  the  well-kncv»n  details  of  oxidation  of 
pyruvic  acid  by  means  of  the  Krebs  cycle,  as  it  occurs  under 
aerobic  conditions.  It  is  sufficient  to  characterize  in 
this  connection  the  basic  enzyme  of  this  cycle --succinic 
dehydrogenase,  which  is  responsible  for  the  dehydrogenation 
of  succinic  acid  to  fumarlc  acid. 

From  the  findings  of  Padykula  (1955) >  Leduc  and  Wls- 
locki  (1952),  Rottenburg,  Wollman  and  Seligman  (1953), 
takalllo  (1954),  and  Shimizu,  Morlcava,  and  Joshiaki  (1957), 
It  is  possible  to  gain  an  idea  of  the  histochemical  distri¬ 
bution  od  succinic  dehydrogenase  in  the  brain  of  laboratory 
animals  (mica,  rats,  and  rabbits).  The  enzyrp  is  found  only 
in  the  gray  substance  and  is  localized  both  in  nerve  cells 
and  in  the  interstitial  substance.  Its  highest  activity  is 
seen  in  the  caudal  nuclei  of  the  putamen,  the  anterior  nuclei 
of  the  thalamus,  the  interpedunculate  nucleus,  and  the  cor- 
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tex  of  the  cerebellum.  Moderate  activity  is  seen  in  the 
neocortex,  the  hippocampus,  the  optic  thalamus,  in  the  nuclei 
of  the  oculomotor  nerve,  the  superior  and.  inferior  nuclei  of 
the  olive,  the  dorsal  cochlear  nucleus,  the  lateral  reticular 
nucleus,  the  nucleus  of  the  descending  branch  of  the  fifth 
nerve,  and  the  nuclei  of  Go 11  and  Burdach,  A  very. slight 
activity  is  seen  in  the  supraoptic  nuclei  of  the  hypothal- 
mus,  apd  in  the  central  gray  substance  of  the  mid-brain. 

'Hence,  it  is  obvious  that  the  weak  activity  of  suc¬ 
cinic  dehydrogenase  in  the  para -ventricular  structures  and 
the  hypothalamic  nuclei  ,1s  accompanied  Ih  them,  as  we  have 
already  noticed,  by  high  glycogen  storage. 

Within  the  limits  of  the  cell  and,  in  particular,  the 
neuron,  the  activity  of  succinic  dehydrogenase  is  strictly 
confined  to  the  mitochandrla .  This  is  evidenced  not  only 
by  data  obtained  with  the  aid  of  fractional  centrifugation 
(Hogeboom,  Snyder  and  iStreibach,  (1953) ,  but  also  by  recent 
histochemical  studies  for  the  localiz  tlon  of  formazone  in 
the  cytoplasmic  structures  (Vinnikov  and  Titova,  1958j  Klr- 
sen,  1958) .  As  to  the  .localization  of  other  components  of 
the  Krebs  cycle,  there  are  as  yet  nu  cytochemical  data 
available . 

Quantitative  biochemical  findings  on  the  intensity 
of  the  oxidative  respiration  Of  various  divisions  of  the 
brain  of  vertebrate  animals  indicate  an  intensification  of 
it  in  higher  vertebrates.  In  fish,  according  to  the  findings 
of  N.  A.  Verzhblnskaya  (1957),  the  least  activity  of  respira¬ 
tion  is  connected  with  the  brain-stem.  On  the  other  hand, 
the  cerebellum  of -fish  possesses  the  highest  xldative 
metabolism,  Which  sometimes  even  exceeds  the  metabolism  of 
the  forebraln.  Thip  apparently  is  connected  with,  the  fact 
that,  in  fish,  closure  of  time  connections  occurs  primarily 
in  the  cerebellum  (Karamyan,  1956) .  The  forebraln  in  fish 
is  only  responsible,  for  the  functions  of  the  higher  olfac¬ 
tory  center  (Cappers,  1921j  Vinnikov  and  Titova,  1957  A)  . 
Nonetheless,  in  the  forebrain  of  fish,  a-s  Verzhbixiskaya  has 
pointed  out,  oxidative  respiration  is  rather  active.  Hence, 
the  biochemical  preparation  for  a  higher  regulatory  function, 
which  occurs  upon  displacement  of  all  the  higher  centers  of 
activity  of  the  organism  into  the  forebraln,  has  already  been 
completed.  For  the  higher  nervous  activity  of  the  forebrain, 
the  substrate  and  enzymes  of  oxidative  respiration  are  al¬ 
ready  prepared  in  fishj  in  amphibia,  in  which  there  is  dis¬ 
placement  of  certain  higher  centers  into  the  forebraln,  the 
intensity  of  respiration  of  the  forebi’ain  is  higher  than  that 
of  the  cerebellum.  In  reptiles,  cortical  tissue  first  ap¬ 
pears  in  the  forebrain.  Its  oxidative  respiration  is  high 
and  considerably  exceeds  the  respiration  of  the  cerebellum 
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and  of  the  brainstem.  In  reptiles,  the  forebrain  is  bio¬ 
chemically  and  functionally  advanced  to  the  leading  position 
(Verzhblnskaya,  1957) •  It  has  not  as  yet  been  studied  histo- 
chemically . 

In  warm-blooded  animals — birds  and  mammals --the  great 
importance  of  the  forebrain  and  of  its  mantle  is  evidenced 
in  the  significant  increase  in  activity  of  respiration  of  the 
cerebral  cortex  over  that  of  the  respiration  of  other  divi¬ 
sions  of  the  brain. 

This  applies  also  to  the  cytochrome  system  of  oxida¬ 
tive  respiration  and,  in  particular,  to  its  basic  enzyme-- 
cytochrome  oxidase,  which  effectuates  the  aerobic  process 
tfjlth  the  aid  of  molecular  oxygen.  This  enzynte  has  been 
studied  quantitatively  for  the  brain  (Verzhbinskaya,  1953 > 
1954,  1957,  1958)  .  Its  localization  and  distribution  in 
the  forebrain  have  been  studied  histochemically  by  Shimizu 
and  Morlcava  (1957)*  Ih  general,  there  is  a  correspondence 
between  the  distribution  of  this  enzymie  and  that  of  succinic 
dehydrogenase .  But  the  activity  of  cytochrome  oxidase  in 
the  brain  of  warm-blooded  animals  exceeds  the  activity  of 
succinic  dehydrogenase,  which,  according  to  Verzhbinskaya, 
is  related  to  the  evolution  of  the  dehydrogenase  mechanism 
of  oxidation,  with  the  auto-oxidizable  participation  of  the 
auto-oxldlzable  flavin  dehydrogenases  and  the  auto-oxidiz¬ 
able  cytochroiie  B,  and  to  the  development  of  the  cytochrome 
system  of  the  higher  vertebra.tes  in  which  all  component s  of 
the  system  are  subordinated  to  the  cytochrome  oxidase  acti¬ 
vity  of  the  tissue.  This  mechanism,  of  subordination  of  a 
more  primitive  system  to  a  newer  and  phylogenetically  younger 
system  possessing  a  high  reaction  rate  is,  as  L.  A.  Orbell 
(1942)  has  pointed  out,  one  of  the  basic  laws  of  the  func¬ 
tional  evolution  of  animals.  In  the  cytoplasm,  cytcchx’om.e 
oxidase  is  localized  in  the  m.ltochondria .  Hence,  a  compari¬ 
son  of  the  biochemical  and  cytochemlcal  findings  on  th.e 
presence  and  distribution  of  anaerobic  glycolysis  and  oxi¬ 
dative  respiration  in  the  brain  of  vertebrates  shows  that, 
in  the  course  of  evolution,  the  latter  cycle,  which  is  more 
advantageous  in  an  energy  sense,  has  gradually  replaced  the 
former,  X'jhich  is  the  m.ore  primitive  cycle  (Verzhbinskaya, 
1957) •  This  phenomenon  simultaneously  conforms  to  the  gen¬ 
eral  progress  of  structure  and  activity  of  the  nervous  sys¬ 
tem.  However,  the  cerebral  hemisp’^eres,  even  at  definitive 
stages,  retain  a  limited  number  of  the  "ancient"  parts  which 
can  function  under  anaerobic  conditions. 

The  evolutionary  approach  permits  us  to  understand 
not  only  the  factors  of  distribution  and  localization  of 
enzymes  within  the  limits  of  organs.  In  some  cases,  the 
historical  method  affords  us  the  possibility  also  of  under- 
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standing  complex  mechanisms,  which  control  the  distribution 
of  chemically  active  substances  within  individual  highly 
specialized  cells,  such  as  the  photoreceptors  of  the  retina, 
the  receptors  of  the  elements  of  the  olfactory  organ,  and 
the  comparatively  simpler  secondary  secsory  receptors  of 
cells  of  the  internal  ear,  lateral  line  organs,  and  the 
organs  of  taste . 

As  is  known,  the  retina  of  the  eye  is  distinguished 
by  an  unusual  intensity  of  both  glycolytic , and  oxidative 
processes.  In  this,  anaerobic  glycolysis  in  the  retina 
even  exceeds  the  intensity  of  oxidative  respiration.  Very^ 
characteristic  of  the  retina  is  the  high  content  of  adenosine, 
triphosphatase,  phosphocreatine,  and  creatine  phosphoferase, 
which  testifies  to  the  presence  in  it  of  high  energy  phos¬ 
phate  compounds  (Venkstern,  19^9) •  The  photoreceptors  of 
the  retina,  which  are  priinary  sensory  cells,  have  been  in¬ 
herited  by  vertebrate  animals  from  ancient  non-vertebrate 
ancestors  (Vinnikov  and  Tltova>  1957A) '.  They  are  disting¬ 
uished  by  a  very  complex  structure.  Their  peripheral 
branches,  which  have  either  a  rod-shaped  or  a  cone-shaped 
appearance,  are  divided  into  external  and  internal  memoers. 
About  the  internal  member  there  is  a  contractile  substance 
--myold,  which  in  the  lower  vertebrates  is  responsible  for 
the  contraction  of  the  peripheral  branches  upon  exposure  to 
light  and  relaxation  of  them  in  the  dark  (the  retinoraotor 
phenomenon).  The  central  branches  terminate  in  a  synapse 
in  the  outer  retinal  layer.  Electron  microscopic,  studies  of 
the  finer  structure  of  the  photoreceptors  have  shown  that 
the  photoreceptors  are  in,  an  evolutionary  sense,  primarily 
ependymal  cells,  the  peripheral  branches  of  which  represent 
a  modified  ciliated  epithelium.  The  mitochondria  in  the 
inner  member  ape  strictly  localized  in  the  "ellipsoid" . 

These  are  found  also  in  the  external  member,  and  in  the  re¬ 
gion  of  the  synapse  of  the  central  branch  (Robertls,  1956)  . 
Histochemical  studies  have  shown  that  glycogen  and  the  en¬ 
zymes  associated  with  it  ( phosphoamidase ,  phosphorylase , 
alkaline  phosphatase,  etc.)  are  strictly  localized  in  the 
area  of  the  myold  of  the  internal  member.  Furthermore, 
toward  the  outside  there  is  an  area  in  which  ribonucleic 
acid  (RNA)  Is  found,  along  with  acid  phosphatase.  At  the 
very  boundary  with  the  external  member,  in  the  area  of  the 
"ellipsoid"  consisting  of  an  accumulation  of  mitochondria, 
succinic  dehydrogenase  and  cytochrome  oxidase  are  to  be 
found.  Adjacent  to  this  is  a  thin  zone  which  shows  acetyl¬ 
cholinesterase  activity.  The  external  member  exhibits  a 
laminated  structure  and  consists  of  proteins  which  are  rich 
in  SH-groups  (Wizlocki  and  Sidman,  195^ i  Mazanek  and  Pliczka, 
1955 J  Elchner,  1958,  and  others) . 
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within  the  photoreceptors  during  their  function  (upon 
exposure  to  light),  no  visible  changes  can  be  detected  on 
the  part  of  the  abovementloned  substances.  VJlthln  the  gang¬ 
lion  cells  of  the  retina,  V.  Ya.  Brodskly  and  N.  V.  Nechayeva 
(1958)  have  recently  discovered  quantitative  changes  in  the 
content  of  RNA  depending  on  the  intensity  and  duration  o^ 
illumination.  Hence,  the  distribution  of  chemically  active 
substances  in  the  photoreceptors  exhibits  a  strict  and 
unique  mosaic  of  locallzjtions  which,  apparently,  explains 
the  nature  of  the  anaerobic  and  oxidative  metabolism  and  of 
their  energy  processes.  The  latter,  without  any  doubt, -a-re 
associated  with  the  mechanism  of  reaction  of  photoreceptors 
to  light . 

As  is  known,  the  amount  of  light  energy  which  is 
capable  of  causing  stimulation  of  photoreceptors  consti¬ 
tutes  only  a  very  few  quanta.  This  high  sensitivity  is  due 
to  the  presence  of  a  special  chemical  material  which  is 
capable  of  absorbing  light  energy.  The  photoreceptors  con¬ 
tain  the  pigments  rhodopsln  and  porphyropsin  in  the  rods, 
and  idopsin  in  the  cones.  Rhodopsln  consists  of  a  caroten- 
old--retlnlne ,  which  is  bound  to  a  protein,  opsin.  Upon^ 
stimulation  of  a  solution  of  rhodopsln  with  light,  retinlne 
aldehyde -Vitamin  A  is  reduced  to  Vitamin  A  and  is  split  off 
from  the  protein.  Reduction  is  accomplished  'with  the  aid 
of  succinic  dehydrogenase  in  the  presence  of  its  co-enzyme 
— dlphosphopyridine  nucleotide.  As  early  as  1936,  Mirskl 
(1936)  suggested  that  rhodopsln  is  denatured  under  the  in¬ 
fluence  of  light.  This  hyppthesls  was  confirmed  Dy  the  works 
of  Wald  and  Brown  (1952).  These  authors  showed  that  light 
stimulation  is  capable  of  "unmasking"  the  SH-groups  of 
Rhodopsln . 

Hence,  under  the  Influence  of  quanta  of  energy,  energy 
is  absorbed  by  the  pigments  of  the  photoreceptors,  which 
are  reduced  and  freed  from  combination  with  opsin.  The 
energy  transmitted  to  the  protein  causes  changes  in  its 
structure,  as  evidenced  by  the  appearance  of  SH -groups.  For 
further  steps  in  the  transmission  of  stlmu.lation,  the  photo¬ 
receptor  utilizes  the  energy  both  of  anaeroboc  glycogeno lysis 
and  of  oxidative  respiration.  In  this,  the  processes  of 
resynthesis  of  these  energy  substrates  apparently  occur  so 
quickly  that  it  is  not  as  yet  possible  to  detect  the  func¬ 
tional  changes  of  their  distribution  in  the  cytoplasm  of  the 
photoreceptors. 

A  similar  mosaic  localization  of  chemically  active 
substances  has  been  discovered  by  our  associate,  A.  A.  Bron- 
shteyn,  in  the  peripheral  branches  of  the  sensory  cells, 
which  testifies  to  the  common  ancient  origin  of  the  primary 
sensory  cells.  Both  the  visual  and  the  olfactory  cells 
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must  be  regarded  as  relics,  despite  their  important  role  in 
the  evolution  of  the  central  nervous  system^  in  the  compo¬ 
sition  of  which  they  also  develop  (Vinnikov  and  Titova, 

1957A) . 

Completely  different  laws  have  been  discovered  for 
the  secondary  sensory  cells,  or  so-called  hair-cells.  The 
latter  are  found  only  in  vertebrate  animals,  in  the  ancestors 
of  which  (the  invertebrate  animals)  they  first  appeared  in 
the  composition  of  the  lateral  line  organs  (in  the  Silurian 
period) .  The  secondary  sensory  cells  are  a  slightly  modified 
etJithelial  element  of  the  ciliary  type  which  have  developed 
Independently  of  the  nervous  system  as  a, part  of  the  so- 
called  placodes  (Vinnikov  and  Titova,  1957A) .  Electron  mi¬ 
croscopy  has  shown  that  these  cells  are  distinguished  by  a 
number  of  special  features  which  are  also  characteristic 
of  other  receptor  elements  (Smith  and  Dempsey,  1957)*  RWA 
and  mitochondria  are  distributed  uniformly  throughout  the 
cytoplasm  of  these  cells. 

Hlstochemlcal  studies  of  the  secondary  sensory  cells 
of  the  inner  ear,  (the  organ  of  Corti  and  the  vestloular 
apparatus)  in  a  whole  series  of  vertebrate  animals  have 
been  made  by  us,  together  with  L.  K.  Titova  (Vinnikov  and 
Titova,  1957B,  C,  D,  1958  A,  B,  C,  D,  E),  which  have  shovm 
that  the  distribution  and  localiz  tlon  in  their  cyuoplasm 
of  chemically  active  substances  are  distinguished  by  diffuse - 
ness.  Glycogens  and  the  enzymes  associated  with  it  are  uni¬ 
formly  distributed  throughout  the  cytoplasm.  The  enzymes 
of  the  oxidative  cycle--succlnic  dehydrogenase  and  cyto¬ 
chrome  oxidase --are  found  in  the  mitochondria,  which  are 
more  or  less  uniformly  distributed  around  the  nucleus  of 
the  cell  and  at  the  periphery  of  it  in  the  region  of  the 
ectoplasm.  Alkaline  and  acid  phosphatase  activity  is  to  be 
seen  both  in  the  receptor  cell  and  in  its  hairs.  The  distri¬ 
bution  of  these  phosphatases,  which  act  at  different  pH 
values,  is  subject  to  gradient  laws.  RNA,  it  would  seem,  is 
uniformly  distributed  throughout  the  cytoplasm  of  the  hair 
cells  in  the  form  of  distinct,  fine,  rod-shaped  structures. 
This  applies  also  to  the  distribution  of  protein  and  of 
SH-groups  which  were  studied  by  us  together  with  Z.  A.  Yako- 
lev.  Acetylcholinesterase  is  strictly  localized  to  the 
hairs  and  to  the  basal  surfaces  of  the  hair  cells,  in  the 
area  of  the  synaptic  terminations  of  the  fibers  of  the 
spiral  and  vestibular  ganglia.  In  the  body  of  the  cell 
there  is  only  a  weak  and  diffuse  activity  of  a  non-specific 

cholinesterase .  ^  ^ 

The  hair  cells  of  the  inner  ear  of  lower  vertebrates 
show  no  particular  deviation  with  respect  to  the  distribu¬ 
tion  of  the  above  mentioned  substances.  But  they  are  dls- 
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tlngulshed  by  an  uncommon  richness  In  glycogen  and  the  en¬ 
zymes  associated  with  it  and  by  a  weaker  activity  of  oxida¬ 
tive  enzymes.  Attempts  to  discover  a  "sound-sensitive"  sub¬ 
stance  have  not  been  successful. 

Functional  stress — the  effects  of  sound  and  of  accel¬ 
eration  in  rotation-' -‘has  elicited  in  all  instances  a  decline 
in  the  activity  of  all  of  the  above-mentioned  enzymes,  pro¬ 
teins,  and  functional  SH -groups,  changes  in  the  distribution 
of  RNA  and  DNA,  and  a  diffuse  distribution  of  glycogen  in  the 
cytoplasm  of  the  hair  cells. 

It  should  be  pointed  out  that  the  hair  cells  of  the 
organ  of  Cortl  have  proved  to  be  considerably  more  sensitive 
in  response  to  an  adequate  sound  stimulus  that  the  receptor 
elements  of  the  vestibule.  As  is  known,  they  respond  to 
waves  which  are  equal  in  amplitude  to  the  diameter  of  the 
hydrogen  atom.  DeVries  (1948)  and  Fatt  and  Katz  (1950)  have 
pointed  out  that  such  minor  waves,  vrhlch  are  comparable  to 
the  threshhold  of  thermal  waves  (Brownian  movement)  and 
which  cause  simultaneous  stimulation  of  the  hair  cells,  may 
be  compared  with  the  "spontaneous"  impulses  which  stimulate 
the  threshhold  of  molecular  activity.  Nonetheless,  despite 
the  higher  degree  of  sensitivity,  as  compared  with  the  sen¬ 
sitivity  of  photoreceptors,  the  hair  cells  of  the  inner  ear 
do  not  have  "sound-sensitive"  substances  in  their  cytoplasm 
similar  to  the  light-sensitive  substances  in  photoreceptors. 
Apparently  they  are  not  necessary.  The  fact  is  that  the  re¬ 
ceptor  cells  of  the  inner  ear  evolved  in  the  onto-  and  phylo¬ 
genesis  of  the  vertebrates  at  a  time  when  both  anaerobic  gly¬ 
colysis  and  oxidative  respiration  were  already  developed  to 
a  sufficient  degree  in  them.  Chemically -active  substances 
and  the  energy  processes  connected  with  them  are  distributed 
and  localized  uniformly  throughout  the  cell  body,  and  are 
apparently  dispersed  uniformly  along  the  entire  protein 
chain  which  constitutes  its  molecular  cytoplasmic  skeleton. 

In  other  words,  at  the  present  stage  iii  the  phylogenesis  of 
the  vertebrates,  a  considerable  majority  of  their  organs, 
tissues,  and  cells,  including  such  specialized  elements  as 
the  secondary  sensory  cells,  consist  of  similar  "universal" 
molecular  chains  along  which  there  are  identical  potentiali¬ 
ties  both  for  anaeroboc  glycolysis  a’nd  for  oxidative  res¬ 
piration.  Due  to  this,  there  is  a  special  receptor  sensitiv¬ 
ity  and  a  high  speclallzotion  for  secondary  sensory  cells 
which  possess  huge  reserves  of  chemically  active  substances, 
enzymes,  and  functional  H-groups.  There  is  no  necessity 
for  their  creating  additional  special  energy  systems  such  as 
we  have  seen  in  the  case  of  the  photoreceptors.  Their  func¬ 
tions  are  completely  fulfilled  by  the  existing  energy  re¬ 
sources  of  glycogeno lysis  and  oxidative  respiration.  From 
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this  follows  the  simple  structure  of  the  hair  cells,  despite 
their  very  specialized  function.  However,  the  absence  of 
"sound-sensitive"  substances  is  nonetheless  reflected  in  the 
fact  that  the  energy  potentialities  of  the  hair  cells  are  . 
not  Inexhaustible,  as  are  those  of  the  retina,  for  all  prac¬ 
tical  purposes.  The  hair  cells  in  mammals  under  the  influ¬ 
ence  of  sound  reveal,  even  within  an  hour,  a  special  cycle  . 
of  morphological,  functional,  and  chemical  changes  which 
testify  to  their  exhaustibility .  Apparently  the  same  laws 
are  seen  in  the  case  of  neurons,,  which  are-  also  disting¬ 
uished  by  a  rich  and  uniform  distribution  of  chemically  ac¬ 
tive  substances.  In  neurons,  the  reorganization  of  the 
molecular  structure  in  the  course  of  evolution  also  became 
so  universal  that  it  is  capable  of  accomplishing  slm.ultan- 
eously  and  vrith  equal  facility  both  anaerobic  glycolysis 
and  oxidative  respiration.  As  is  knovjn,  in  the  neuron,  with 
the  exception  of  acetylcholinesterase  which  exists  in  the 
synaptic  surfaces  of  the  system,  there  is  no  special  "nerve- 
stimulating"  substance.  Its  function,  especially  the  syn¬ 
thesis  of  acetylcholine,  is  carried  out  by  means  of  energy 
processes  of  glycolysis  and  oxidative  respiration. 

How,  then,  shall  we  explain  that,  in  photoreceptors 
and  in  olfactory  cells,  anaerobic  glycolysis  and  oxidative 
respiration  are  spatially  distributed  and  localized  in  the 
form  of  a  mosaic,  isolated  one  from  another  within  the 
limits  of  their  members.  ¥e  believe  that  there  is  a  single 
answer  to  this.  The  primary  sensory  cells,  such  as  the 
visual  and  the  olfactory  cells,  evolved  at  a  stage  of  evolu¬ 
tion  of  the  mammals  in  which  their  energy  processes  were 
being  carried  out  only  by  means  of  anaerobic  glycogenolysls . 
Despite  this,  high  capabilities  for  the  reception  of  light 
and  odors  were  so  important  that,  very  soon  in  the  process 
of  selection,  improved  morphophyslologic  and  biochemical 
structures  were  created--the  primary  sensory  cells  with 
specialized  peripheral  branches,  which,  despite  the  small 
energy  potentialities  of  anaerobic  glycolysis,  must  be  con¬ 
sidered  to  have  been,  to  a  certain  degree,  adequate  for  the 
ancestors  of  the  vertebrate  animals  for  purposes  of  ac¬ 
quainting  themselves  with  the  surrounding  environment. 

Later,  when  organisms  also  effectuated  oxidative  res¬ 
piration  in  order  to  utilize  new  energy  possibilities,  it 
became  necessary  for  the  primary  sensory  cells'  to  form  an 
"extension"  in  the  form  of  an  external  member,  in  the  area 
of  which  there  is  a  primary  localization  of  the  enzymes  and 
substrates  of  oxidative  respiration.  A  complete  reorganiza¬ 
tion  of  cells,  such  as  occurred  in  other  parts  of  the  organ¬ 
ism  in  connection  with  the  high  specialization  of  visual  and 
olfactory  elements,  was  as  yet  impossible.  It  may  be  that 
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their  energy  processes  are  associated  for  this  reason  with 
a  number  of  special  pigments,  which  ,appa rent ly  preceded  the 
appearance  of  oxidative  respiration  and  testify  to  the  high 
level  of  their  ancient  visual  function,  so  amazingly  devel¬ 
oped  in  the  course  of  evolution  in  the  modern  higher  ani¬ 
mals  . 

Hence,  only  by  means  of  an  analysis  and  comparison 
of  the  historical  paths  of  development  of  receptor  primary 
sensory  cells  and  "new"  secondary  sensory  cells  is  it  possi¬ 
ble  to  discover  the  mechanisms  which  are  responsible  for 
the  presence  and  special  character  of  distribution  of  their 
chemically  active  substances,  and  to  understand  and  unify 
not  only  their  morphology  and  physiology  but  also  their 
cytochemical  structure  . 

The  significance  of  the  historical  approach  to  hlsto- 
chemical  facts  may  be  demonstrated  in  yet  another  example. 

We,  together  with  L.  K.  Titova,  demonstrated  the  enzyme 
acetylcholinesterase  in  the  area  of  the  synapse  of  the  organ 
of  Corti,  in  the  so-called  spiral  external  and  Internal 
plexuses. 

Acetylcholinesterase  was  found  in  the  organ  of  Corti 
in  the  area  of  the  inferior  and  middle  helices  in  the  in¬ 
ternal  and  external  spiral  plexuses,  and  in  the  superior 
helix  in  the  area  of  the  internal  spiral  plexus.  Such  an 
irregular  distribution  may  be  associated  with  the  particu¬ 
lar  efferent  nerve  endings  of  the  autonomic  bundle  of  Ras¬ 
mussen  distributed  in  this  synapse .  The  mediator  of  the 
transmission  of  impulses  from  the  efferent  fibers  in  this 
synapse  requires  additional  study.  The  histochemical  study 
of  synaptic  endings  in  the  neurons  and  in  receptor  structures 
of  the  vestibule  (the  cristae  and  maculae  throughout  the 
whole  series  of  vertebrates  beginning  from  the  cyclostomata) 
showed  that,  in  the  inner  ear,  afferent  Impulses  are  also 
transmitted  with  the  aid  of  acetylcholine.  In  all  neurons 
and  synapses  where  there  are  no  afferent  endings  of  the  auto¬ 
nomic  bundle,  there  is  an  exceptionally  high  concentration 
of  acetylcholinesterase.  This  could  only  be  intended  for 
acetylcholine.  Consequently,  acetylcholinesterase  in  the 
organ  of  Corti  must  also  be  for  the  purpose  not  only  for  the 
efferent  but  also  the  afferent  terminations . 

Hence,  comparative  histochemocal  studies  of  the  dis¬ 
tribution  of  acetylcholinesterase  have  enabled  us  to  make 
discoveries  concerning  the  peculiarities  of  behavior  of  the 
nerve  impulse  in  the  organ  of  Corti  and  in  the  vestibule  of 
the  inner  ear. 

In  conclusion,  let  us  consider  one  other  example,  re¬ 
lating  to  the  histochemistry  of  the  excretory  system.  Upon 
studying  the  hyaluronidase  activity  of  urine,  A.  G.  Glnet- 
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slnskly  and  L.  N.  Ivanova  (1958)  concluded  that  the  process 
of  facultative  reabsorption  of  water  is  based  on  an  increase 
in  permeability  of  the  interstitial  layers  and  of  the  cement 
epithelium  of  the  distal  tubules.  They  suggested  that  the 
antidiuretic  hormone  (ADH),  which  stimulates  reabsorptaon, 
causes  the  excretion  by  the  cells  of  the  enzyme  hyaluronidase, 
which  de polymerizes  the  hyaluronic  acid  composing  the  inter¬ 
stitial  cement.  In  the  hlstochemlcal  work  of  A.  G.  Ginet- 
sinskiy,  M.  G.  Zaks  and  L.  K.  Titova  (1958)/  this  proposi¬ 
tion  was  not  only  confirmed  but  also  ICd  to  a  considerable 

extension  of  the  whole  problem.  /  ' 

At  the  climax  of  water-diuresis,  when  the  secretion 
of  ADH  is  reduced,  the  epithelium  of  the  collecting  tubules 
is  composed  of  prismatic  columnar  ceils  which  are  cemcnred 
by  interstitial  layers  containing  hyaluronic  acid.  It  -s- 
also  found  in  the  collagen  fibers  of  the  connective  tissue 
ground  substance  distributed  between  the  tubules .  Upon  the 
administration  of  pi tuitrin,'  within  thirty  minutes  after  the 
injection  of  the  hormone,  the  dimensions  of  the  epithelium 
of  the  collecting  tubules  are  considerably  reduced  due  uO  a 
process  of  a  process  of  apocrine  secretion,  and  the  intra- 
cellular  hyaluronic  acid;,  which  is  contained  in  the  colla¬ 
gen  ground  substance  around  the  ‘Collecting ^tubules,  is  de- 
polymerized.  Simultaneously after  the^  injection  of  pitui- 
trin,  numerous  spaces  appear  in  the  mesnes  of  the  inter-  > 
tubular  network  in  the  immediate  neighborhood  of  the  tuDules. 
There  Is  every  reason  to  believe  that  these  spaces  are 
lymphatic  capillaries  of  the  kidneys  which  are  opened  up 
under  the  influence  of  ADH  and  which  serve  for  the  with¬ 
drawal  of  water  and  hence  participate  in  its  reabsorption. 
How,  then,  in  the  course  of  evolution  of  the  vertebrate  ani¬ 
mals  did  this  mechanism  of  reabsorption  under  the  Influence 
of  the  hormone  of  the  posterior  lobe  of  the  pituitary  (ADHj 
emerge  and  develop?  Preliminary  histochemical  studies  by  _ 

U.  V.  Natochin  show  that,  beginning  with  the  amphibia,  visi¬ 
ble  changes  in  the  collagen  ground  substanceof  certain  por¬ 
tions  of  the  mesonephros  occur  under  the  Influence  of  ADH, 
giving  rise  to  the  possibility  of  reabsorption  of  water  into 
the  surrounding  vessels.  It  is  of  interest  that,  in  the  am¬ 
phibia,  secretory  processes  also  appeared  in  the  epithelium 
of  different  portions  of  the  tubules  vrtilch  are,  hovrever, 
effectuated  in  accordance  with  the  merocrine  type  of_ secre¬ 
tions  .  In  birds,  there  is  a  reorganization  in  the  kidneys 
under  the  Influence  of  ADH  which  is  highly  reminiscent  of 
what  occurs  in  the  mammals.  Hence,  the  spatial  interaction 
of  the  hyaluronic  acid  substrate  of  the  Intercellular  cement 
and  the  collagen  Interstitial  framework  with  the  enzyme 
hyaluronidase  in  the  excretory  system  is  regulated  by  the 
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action  of  ADH.  It  is  already  vrell  developed  In  the  amphi¬ 
bia.  In  the  course  of  evolution  of  the  vertebrates,  a 
definite  function  appeared  which  is  determined  by  the  chem¬ 
ical  structure  of  the  kidneys . 

We  shall  not  consider  here  other  examples  which  testify 
to  the  f*act  that  the  diversity  in  localization  and  distribu¬ 
tion  of  chemically  active  substances,  enzymes,  and  function¬ 
al  groups  which  have  arisen  and  have  become  incorporated  in 
thfe  course  of  evolution  of  organs,  tissues,  and  cells, 
permits  us  to  understand  their  structure  and  function  to¬ 
gether  with  their  chemical  composition. 

,  Hence,  the  problem  of  evolutionary  cyto-and  histo¬ 
chemistry  Involves  studies  of  the  mechanisms  w’hich  have 
given  rise  to  the  presence  and  distribution  of  chemical 
substances  composing  living  systems  and  controlling  their 
metabolism,  structure,  and  function  in  the  course  of  onto- 
and  phylogenesis. 

It  seems  to  us  that  these  facts  and  ideas  fully 
justify  the  postulation  of  the  problems  of  evolutionary  cyto- 
and  histochemistry  and  mark  out  the  future  paths  of  their 
investigation. 


Summary 

The  spatial  disposition  and  localization  of  chemlcally- 
active  substances  in  cells,  tissues,  and  organs  give  rise  to 
their  specific  form,  function,  and  metabolism.  The  general 
and  specific  features  of  the  dlstribut j.on  and  localization 
of  chemical  substances  are  determined  in  each  separate  in¬ 
stance  by  the  evolutionary  process  and  are  subordinate  to  the 
basic  laws  of  heredity,  mutation,  and  natural  selection. 

This  is  shown  by  comparative  biochemical  and  cyto-chemical 
studies  of  the  localization  and  distribution  of  anaerobic 
glycogenolysis  and  oxidative  respiration  in  the  brain  of  ver¬ 
tebrates]  by  the  level  of  cellular  organization  as  seen  in 
primary  sensoi^’y  cells  (photoreceptors  of  the  retina)  and  in 
secondary  sensory  receptors  of  the  hair  cells  of  the  inner 
ear,  etc.  These  examples  and  the  above -expressed  ideas  il¬ 
lustrate  the  justification  for  postulating  the  problem  of 
evolutionary  cyto-  and  histochemistry. 
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tlona:  (l)  studies  in  cells  and  tissues  at  magnifications 
from  2000  to  710,000  times,  with  a  gradual  tra.nsltion  from 
the  classic  histologic  pictures  to  those  seen  under  the  elec¬ 
tron  microscope,  and  (2)  studies  of  the  ultra structure  of 
cytoplasm  at  a  level  approximating  the  macromolecular  (down 
to  25  to  15  angstroms), 

Cytologists  and  histologists  ■  have  •.sometimes  expressed 
doubt  as  to  whether  the  structures  demonstrated  with  the  aid 
of  electron  ipicroscopy  and  the  detailed  organization  of  liv¬ 
ing  cells  might  not  In  many  cases  be  artefactual.  These 
doubts,  of  course,  are  fully  Justified,  liowever,  other  ideas 
are  also  in  order. 


Electron  microscopy  has  carefully  studied  the  condi- 
preparation  of  slices  and  the  changes  which  are  elic¬ 
ited  in  structures  and  ultrastfuctures  by  the  individual 
stages  of  processing  Of  the  material.  In  connection  with 
this,  continuous  improvements  have  been  made  in  all  links  of 
the  chain  of  technical  processes,  and  strict  rules  have  been 
the  benefit Inyes.tlgators,  However,  many 
difficulties  sulll  remain  Iri  the  Ihterpretatlon  of  the  find¬ 
ings  of  electron  microscopy;  it  requires  considerable  exper¬ 
ience  and  ingenuity  to  analyze  the  specific  conditions  of 
each  given  experiment.  A- 

Here  is  an  example  of  the  possibility  of .  a:  concrete 
demonstration  of  the;  nature  of  a  cellular  component;  vacu- 
oles  found  on  electron  micrographs  in  cells  of  the  renal  tu¬ 
bules  turned  out  in  studies  made  by  phase  contrast  micros-  ’• 
vacuo lbs- but  florescent  granules  which  dis¬ 
solve  in  the  osmium  fixative.  This  example  indicates  how 

croscopy^  other  methods  along  with  electron  mi-; 

Considerable  importance  attaches  to  electron  micros^ 
of  one  4iid  the  same  object  using  different 
methods  Of  fixation,  especially  the  freezing  and  drying 
method  a'iong  with  othe^  methods  of  fixation.  The  topography 

electron  micrographs, 

tSJi  the  distances  between  them,  and  their  mu- 

tual  disposition  must  be  verified  by  diffraction  methods  of 

^'^^te  angles,  and  by  studies  made 
ald^of  polarizing  microscopes.  Good  agreement  of 
already  been  obtained  in  a  number  of  cases 

highly  different  methods 
studild  testifies  to  the  fact  that  the  structures 

do  actually  exist.  Nonetheless,  the 
SJ!  ^3  obtaining  artefacts  remains.  Reduction  in  the  num- 

always  depend  on  the  continuing  improvement 
3^^  care  with  which  the  experiment  is  set 

up,  and  on  the  quality  of  the  interpretation  of  the  represen- 
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tatlons  obtained. 

By  now  a  number  of  works  have  been  published  compris¬ 
ing  a  tremendous  amount  of  factual  material  obtained  with 
the  aid  of  electron  microscopy.  The  oldest  works  are  those 
of  Selby  (1953)  and  Sverdlov  (195^);  more  modern  materials 
are  those  of  Selby  (1955),  SJostrand  (1956),  and  Be s sis 
(1957).  The  most  profound  cz^ltlcal  evaluation  of  the  re¬ 
sults  obtained  and  of  the  techniques  of  Investigation  Is 
given  In  the  collection  of  SJostrand,  although  It  does  not 
pretend  to  be  an  exhaustive  review  and  Is  even  partially 
outdated,  A  short  artidle  devoted  to  electron  microscopy 
has  been  published  by  Prank  (1956), 

The  present  article  Is  devoted  to  the  problem  of  the 
ultrastrixctural  organlzatloh  of  the  “ground  substance"  of 
the  cytoplasm  and  of  the  cellular  organoids  (I  wish  to  ex¬ 
press  m^  heartfelt  gratitude  to  my  scientific  associate  at 
the^  Institute  of  Cytology  of  the  Academy  of  Sciences  USSR, 

V*  F.  Mashanskly,  for  his  comradely  assistance  in  the  pre¬ 
paration  and  reproduction  of  the  figures  In  this  article). 

Cellular  Organoids 

Mitochondria,  the  Golgi  apparatus,  and  the  centrlole 
have  been  found  In  all  electron  microscopic  studies  of  tis¬ 
sue  cells.  The  most  extensive  studies  have  been  made  of 
the  ultra structure  of  the  mitochondria.  On  the  basis  of 
studies  of  the  nvimerous  electron  microscopic  pictures  made 
by  SJostrand  (1956),  a  three-dimensional  reconstruction  of 
them  has  been  made.  Each  mitochondrlum  is  covered  with  a 
continuous,  three-layered  "covering"  —  an  external  membrane. 
Internally  the  mitochondria  are  divided  into  sections  by 
three-layered  discs  which  are  perpendicular  to  its  long  axis 
and  parallel  to  each  other  (Pig,  1) .  The  discs  and  the  ex¬ 
ternal  membrane  of  the  mitochondria  consist  of  two  extremely 
dark  osmlophillc  layers,  each  of  x\’hlch  is  35  to  55  angstroms 
In  thickness  and  separated  by  a  lighter  osmiophoblc  interval 
which  is  70  to  80  angstroms  thick.  The  dimensions  of  the 
components  of  the  mitochondria  vary  slightly  in  the  cells 
of  different  tissues.  The  double  refractlllty  of  the  In¬ 
tervening  layer,  established  with  the  aid  of  polarizing 
microscopy,  together  with  the  above  mentioned  figures  on  the 
thickness  of  the  layers  of  the  membrane  and  certain  related 
findings,  have  permitted  us  to  suggest  that  the  osmlophillc 
layers  of  the  discs  consist  of  oriented  proteins  and  the 
lighter  interval  consists  of  a  double  layer  of  molecules  of 
lipids,  the  long  axes  of  which  are  parallel  to  the  long  axes 
of  the  mitochondria.  In  the  mitochondria  of  different  tis¬ 
sues  the  transverse  discs  are  sometimes  larger,  sometimes 
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rsmaller;  sometimes  the  neighboring  transverse  discs  are 
joined  by  segments  lying  parallel  to  the  long  axis  of  the 
mitochondria  and  forming  a,  miiltiplicity  of  chambers. 


Fig.  1.  Three-Dimensional  Reconstniction  of  the  Ultrastruc- 
tural  Organisation  of  Mitochondria  of  Two  Types; 

A  —  Mitochondria  from  the  kidney;  B  —  Mitochondria  fi'ora  the 
rods  of  the  retina  of  the  eye;  C  and  D  r^resentationa  of 
thin  sections  of  these;  l  --  external  membrane;  2  —  internal 
transverse  disc^  3  —  dark  potion  of  the  ground  substance; 

E  —  dimensions  of  the  mitochondrial  membranes  In  angstrom 
jUnits;  F  —  graphic  representation  of  an  attempted  interpra- 
i-tatlon  of  the  ultra  structure  of  the  internal  membrane  in 
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"molecular  language":  Two  protein  layers  divided  by  a  double 
layer  of  molecules  of  lipids,  (SJostrand,  1956). 

Palade  (1952B,  1953),  agreeing  with  the  supposition 
concerning  the  existence  of  the  two  dark  layers  of  the  mem¬ 
brane  surrounding  the  mitochondria,  believes  that  the  in¬ 
ternal  osmlophlllc  layer  dips  dovm  in  the  form  of  transverse 
surface  accumulations  called  by  him  "mitochondrial  crests" 
(crlstae  mltochondriales) >  which  leave  the  central  space  of 
the  mitochondria  free,  A  number  of  authors  have  confirmed 
this  conception  of  SJostrand  in  beautiful  electron  micro¬ 
graphs,  whereas  other  investigators  present  representations 
which  are  similar  to  the  micrographs  of  Palade.  Micrographs 
of  mitochondria  havealso  been;?X%6ilshed  showing  Internal  con¬ 
centric  layers  or  tubules,  ApOaicently,  careful  techniques 
of  study  are  required  (precise  orientation  of  the  sections, 
etc,)  in  order  to  be  able  to  Judge  the  true  structural  organ¬ 
ization  of  mitochondria.  It  is  very  likely  that  their  struc¬ 
ture  changes  with  changes  in  the  physiologic  state,  as  sug¬ 
gested  by  Bargmann  and  others  (1955).  The  internal  barriers 
--  membranes  —  are  Immersed  in  the  ground  substance  of  the 
mitochondria  in  which,  moreover,  dark  areas  of  a  rather  com¬ 
plex  structure  can  be  detected. 

As  is  known,  mitochondria  contain  a  rich  supply  of 
enzymes.  In  connection  with  this,  highly  speculative  theor¬ 
ies  have  been  advanced  which  attempt  to  explain  the  ultraml- 
croscoplc  organizaliioji; q^j>;niito,chcndria.  However,  vje  do  not 
yet  have  at  our  dlsposgiT^pflcli&ht  factual  material  concern¬ 
ing  the  topography %f  -:;tl#|^rfe|toeB  wl  the  mitochondria. 

The  Golgi  apparattis;  according  to  Dalton  and  Felix 
(1953,  1954,  1956).  SJostrand  and  Hanson  (1954B,  c)  Magenau 
and  Bernhard  (1955),  Afcelius  (1956),  and  others,  consists 
of  three  components;  a  membrane,  vacuoles,  and  dark  parti¬ 
cles  (pig,  2).  Double  (paired)  membranes  --  "gamma-cytomem- 
branes  in  the  terminology  of  SJostrand  --  ai’e  commonly 
oriented  parallel  to  each  other  and  form  a  system  of  three 
to  six  or  more  pairs.  The  width  of  each  individual  strongly- 
osmlophlllc  membrane  of  a  single  pair  is  60  angstrom  units. 
Each  pair  provides  a  boundary  for  a  lighter  space  of  50  to 
200  angstrom  units  in'  width  and  forms  something  akin  to  a 
flat  saccule.  Sometimes  this  space  is  distended  to  the  size 
of  a  large  vacuole.  The  distance  between  paired  membranes 
is  rather  constant  — —  60  angstrom  units.  The  msmbi'anes  are 
immersed  in  the  ground  substance,  and  are  ordinarily  homo¬ 
geneous  and  finely  granular.  In  the  exocrine  cells  of  the 
pancreas,  and  in  certain  other  cells,  the  ground  substance 
of  the  Golgi  zone  has  been  found  to  contain  a  large  number 
of  granules  of  differing  density,  shape,  and  size  which  adhere 
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fvery  closely  to  the  membranes.  It  is  possible  also  to  dls^ 
covex’  every  transitional  form  from  very  fine  granules  to 
very  large,  dense  zymogenic  granules.  In  the  cells  of  the 
renal  tubules,  these  granules  either  do  not  exist  or  are 
present  in  only  small  numbers, .  Large  vacuoles  surrounded  ty 
Golgi  membranes  are  found  in  the  Intestinal  epithelium.  They 
sometimes  contain  dense  osmlophilic  particles.  Similar  vac¬ 
uoles  could  not  be  found  either  in  the  cells  of  the  renal 
tubules,  in  the  corneal  epithelium,  in  ganglion  cells,  or  ^ 
Jin  muscle  fibers,  |“ 


Pig,  2,  Golgi  Apparatus  in  an  Exocrine  Cell  of  the  Pancreas 
of  a  Mouse, 

The  paii'ed  Golgi  membranes,  or  gamma-cytomembranes  (a)  are 
fused  at  their  edges  and  define  a  narrow  space  which  some¬ 
times  attains  the  dimensions  of  a  vacuole  (b).:  the  surface 
of  the  gamma-cytoroembrane  is  smooth,  (Compare  with  the  al- 
ipha-cytomembrane  covered  over  its  external  surface  by  small 
ixxsmdophllic  particles,  as  shown  in  Figures  11  and  12) |  c 


ivacuolar 
gramile  s 
1954b) . 


space?,  surrounded  by  garjima-cytomembrsnesj 
(Magnification  150^000)  (SJostrand,  and 


d  snialll 
HanEorx^ 


Fig.  3.  Cross-Section  of 
a  Renal  Tubule  with  Meso¬ 
dermal  and  Ectodermal 
La, vers  in  the  Larva  of  the 
Snail,  Osmic  Preparation^ 
under  Light  Microscope 
( drawing) . 

1  --  the  Golgi  apparatus, 

2  the  nucleus  (Hirschler 

1918). 


Pig.  4.  A  Part  of  A  First- 
order  Spermatocyte  of  the 
Japanese  Snail,  Vivlparusj 
U3.trathln  Section  Through 
the  Golgi  Apparatus, 

a  parallel  subralcroscopic 
osir.iophllic  meiflbranes  (com¬ 
pare  with  similar  structures 
in  Pig,  3),  b  —  lighter  vac 
uolar  zone  (Pollster,  1957), 


la  the  auditory  sensory  (hair)  cells  of  the  organ  of 
Gortl,  membranes  have  been  found  which  are  identical  with 
the  gair.ri}a-cytorrie»Bbran.es|  these  form -the  so-called  Hanson's 
corp\:. soles.  The  most  important  and  unique  components  of  the 
Golgi  apparatus  are  the  gamma-cytomembranes,  since  the,y  have 
been  found  in  all  cells  studied  xip  to  this  time,  Vac'uoles 
anc  dark  particles  or  granules,  as  indicated  above,  may  be 
abaent  or  may  vary  con-siderably  In  shape,  slae,  and  number. 
The  Golgi  apuEiratus  is  very  resistant  to  destructive  and  rne- 
chardcal  Influences,  This  constitutes  one  of  the  evidences 
•that  its  organization  Is  preformed  in  the  living  cell.  i 


frhere  is  a  complete  correspondence  between  the  picture  de^ 
cribed  in  the  old  works  of  Hlrschler  (I9l8j  Pig,  3),  Naso- 
nov  (1923,  1924,  192^^  and  others,  and  the  modem  ideas  ob¬ 
tained  from  studies  performed  intravitally  and  under  the 
electron  microscope  (Pig.  4).  -Th.e  function  of  the  Qolgi 
apparatus  has  not  as  yet  been  clarified.  Its  topographi¬ 
cal  connection  with  the  secretory  granules,  as  shown  by 
Nasonov,  has  been  confirmed.  However,  there  have  been  no 
studies  of  its  morphologic  changes  over  periods  of  time  and. 
‘the  course  of  these  changes  in  connection  with  physiologic  [ 
influences,  Por  an  explanation  of  this  important  problem 
the  combined  efforts  of  physiologists,  biochemists,  and 
electron  mlcroscopists  are  needed. 


Pige  5.  Cells  of  the  Spleen  of  a  IS-Bay  Chick  Embryo,  Prob¬ 
ably  at  the  Elnd  of  the  Telophase. 

Near  the  nuclear  membrane  (mn)  —  are  two  centric les  (diplo- 
somes) ;  C  and  C  represents  a  cross  section,  Ci  represents 
a  tangential,  section,  Magnitication  ?4,000  (Bernhard  and 
Harven,  1956) . 

A  study  of  the  ultra'structure  of  the  centriole  has 
been  made  In  a  few  electron  microEcopic  sttidies.  Particu¬ 
lar  atteuition  is  merited  by  the  work  carried  out  in  great 
.detail  by  Harven  and  Bernhard  (1956).  In  the  cells  of  dif-j 
iferent  vertebrates  —  the  triton,  the  embryo  chick,  the 
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young  chick,  the  inouso,  and  the  rat  —  centrlolos  aro  slini^ 
lar  in  size  and  shape  (Figures  5  and  6) .  The  structure  of 
the-  centriole  is  that  of  a  very  small,  ho3  3o'rf  cyl 
a  diameter  of  about  I30  rciiliwicronE  and  a  U.-.-th  ■> -.r,  r 

hOO  ml  11  lad  crons.  Its  highly  osmioph?  iir;  vj;iil"’con.-;;U,V'/ 
several  (9  to  12)  fine  tubes,  (eross-sectlon  of  each  is 
a^out  200  angstrom  units),  disposed.  In  parallel  viith  each 
other  and  Kith  the  long  axis  of  the  cylinder.  As  earl^r’afs 
the  end.  of  tne  ■  -  -  --  .  .  -  . 


last  century. 


- j, ,  Heneguy  (I897)  suggested  that 

•itne  basax  granules  of  ellia  derive  fro-iR  centrioles..  Elec¬ 
tron  microscopy  has  completely  confirKisd  the  strikin^r  sispi- 
larity  of  the  ultrastructures  of  '  ’ 


bs 


c* 


granules  of  ciliated  epi 


theJ.lum  (Fawcett,  1955),  In  con¬ 
nection  with  this,  Hai''v&n  and 
Bernhard  believe  that  the  elabor¬ 
ation  of  filifoi''Ui  ultra.ati'’uotures 
by.  alfferent  ceils  (the  thread,3  of 
clli.a,  the  threads  of  achromatinin 
spindles,  and  the  threads  of  sper- 
matosolds)  is  associated  with  the 
presence  in  these  cells  of  siml- 
la.r  t.tltrastrt.ictm’a:t  format iona. 


(1957)  , 
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Oorius 


In  Vivo 


studying  mature  Leukocyte 
and  under  the  electron  mi 
croacopo,  demonstrated  the  p 
in  cnom  of  one  or  two  ceritrioies 


pre  sene 
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de.r,  tne  wall  of  which  is  comoosod 
of  nine  tubes. 


F3  g .  6 ,  Thivo e  -Di rr.o n - . 
aional  Re  cons  true  t ion  * 
of  the  Centriole.  Ab¬ 
ove  —  a  cross-section 
of  it,  (Bernhard  and 
,  1956). 
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subst.ance  of  the  cytoplasm  cf  every  ties 
Is  con:  mod  within  a  very  fine,  dark,  ocrdoDhilic  fr< 

angstrom  units,  which  is  the  cell 


ue 

m 


order  of  50  to  foO  angstrom  units,  which  is  the 
membra.no  Between  cells,  there  is  a  light  inte^vM 

)-‘nxforir!  thlckr!e.sr>  of  110  to  130  anvstroir.  units  rt  1 -- 
sut.,:,gestea  that  this  is  composed  either  of  organized 
or  of  cement  substance  (SJostrand  and  Rhoden -  c.'bc: 

trand  and  Hanzen,  IMpifA) .  ^  ' 

Let  us  review  several  variants  of  the  cell  membi-ane- 
viic  bi-ush  border  of  the  cells  of  the  Intest'n  Vi 
cylindrical  processes  of 

'...fv...  H t,  19p'o)  .  The  cell  membrane  which  covers  t.hes;-;..j 


*  processes  without  interruption  an6  the  basic  cytoplasm 
tween  them  consists  of  three  layers?  between  two  outer 
osmiophillc  layers  (40  angstrom  tmlts  each)  there  Is  a  light 
interval  of  25  angstroms*  thickness^  Prom  Preliminary  find¬ 
ings  it  appears  that#  during 


absorption  of  food,  the  char¬ 
acter  of  the  membrane  changes 
slightly?  instead  of  two  osml- 
ophllic  layers  only  one  layer 
is  visible.  No  pores  in  thi4~ 
membrane  have  been  detected, 

2,  The  problem  of  the 
structure  and  significance  of 
the  intercalary  bands  of  the 
myocardium  remains  open  to 
disc'ussloru  Some  authors  are 
inclined  to  regard  the  terrl- 


Pig.  7,  Longitudinal  Sec¬ 
tion  Through  Heart  Muscle. 

Arroi-j  denotes  the  "inter¬ 
calary  band"?  Light  Inter¬ 
val  (150  to  200  angstrom 
units)  between  two  adja¬ 
cent  cells  ic  bounded  by 
osmlophlllc  cell  meaibranes, 
contiguous  with  which  are 
dark,  dense  films  of  cyto¬ 
plasm  (a  and  aj_)  of  each 
cell.  Myofibrils  do  not  ' 
penetrate  the  light  inter¬ 
vals.  Magnification  48,000 
(S jo St rand  and  Anderson, 
19b4) , 


tory  divided  by  the  intercal¬ 
ary  band  as  separate  cells. 
However,  it  has  become  accep¬ 
ted  to  believe  that  myofibrils 
pass  without  interruption  from 
one  territory  into  the  terri¬ 
tory  of  the  adjacent  "cell" 
through  the  Intercalary  band. 
Electron  microscopic  studles 
of  the  royocardiufi  have  enabled 
SjoBtrand  and  Anderson  (1954). 
to  solve  this  problem,  (Fig. 
7)t  the  intei’calary  band  Is 
formed  by  two  cell  membranes 
of  two  adjacent  cells,  sepa¬ 
rated  by  a  light  interval  I50 
to  200  angstroms  in  width, 
through  which  myofibrils  do  not 


a  very  dark,  wide 


adjacent  to  tue  cell  mersbraria ,  These  dark*  potions  of  two 
adjacent  cells  together  with  theii*  cell  membranes  correspond 
to  the  intercalary  band"  seen  under  the  light  microscope. 
Bourne  vl953j  made  histochemical  studies  of  this  ssone  and 
di8covertvd_in.lt  a  high  metabolic  activity,,  Recently  Cou- 
teaux  and  Laurent  (1957)  provided  electron  microscopic  con¬ 
firmation  of  the  cellular  structure  of  heart  muscle  in  the 


pass.  In  each  of  the  cells, 
specialized  portion  of  the  cytoplasm  lies 


w.  ...  a.  ^  u i -i '  hll  U  ^ it 

to  the  "intercalary  band"  seen  i: 
Bourne  (1953)  made  histochemical 

discovered  in  it  a  hi  crh 


bands  in  fish 


.ngilla),  despite  the  absence  of  intercala: 


3,  Policard,  Collet  and  Giltaire-Ralyte  (1955),  in 
^electron  microscopie  studies  of  epithelial  cells  of  the 
i^smail  intestine  and  of  the  terminal  bs’onchioles,  discovered 


special  features  in  the  constTOctlon  of  their  walls:  in-  ^ 
stead  of  the  even  lines  which  we  see  with  light  tnioroscopy, 
at  magnifications  of  7,000  to  12,000  tir.ics  it  is  possjoie 
to  detect  a  cr-ooked  lire  created  by  numaroun  over.laopl 
and  interponetratin.f;;  lateral  cellular  rcnbraA'r  of  s-i  v-j.-'.-'r.'t 
cells  (B’lg.  8),  The  authors  see  lr»  this  an  adaptation  vt-ich 
maintains  a  oontlmious  connection  betweexi  the  colls  during 
the  Etovc^riiente  of  organs. 
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Epithelluvri  of  the  Small  Intestlir 


Kanr,i  f  1  c  a  t  ion 


7,000  to  12,000  (i 
Ralyte,  1905) » 


vj-icard 


Collet  and  Giltai'‘''c 


4,  The  iriyelin  sheath  of  nervos  has  been  shor-n  by  the 
.  Konphogenotlc  ^  at’-JCdr^c  of  Gax’sn  (I9:ri  )5  Geren,  Osmond,  and 
Noguera-Jraf  (1937)  to  be  a  spiral  which  Is  wound  many  t.iKes 
around  the  arts  of  the  C5r4;lnrler  of  the  ner-vt  in.  the  ir.ter— 
val  betwee-'i  v«o  nodcB  of  Ranvier,  Studlec  hav^-e  oeari  made 
of  its  early  f ormatlor)  as  an  i-nvagination  of  the  sn'nface 
layer  of  the  ctyoplaat*;  of  Schwann  ceils  or  other  cellular- 
:v;crf't..raneK,  acc:ord:lng  to  the  terminology  of  S  Jest  rand  ,v  In 
crosa  a.^ctiona  it  Is  possible  to  detect  a  clear,  layered 
stiuctuxe,  with  po.rioda  of  the  order  of  lf-0  arigatroM  units. 
Jlark  o 'vrilophlllc  layers  of -f:5  sogst-rem;-.  thickness  altorn.ate 
with  lighter  layers,  in  the  middle  of  which  slightly  osmio- 
phi  1:1c  bands  can  be  seen.  Recent  studies  by  Prsnandes  “ 

I  Koran  and  Finuan  have  not  only  detex>mlned  irrox’c  precisely 


*^the  dimensions  of  all  components  of  the  myelin  sheath^  but! 
have  alsoestablished#  experimentally  and  visually  (B'igures 
9  and  10),  that  the  dark  bands  are  protein  macromolecules, 
that  the' light  intervals  are  filled  with  lipid  chains,,  and 
that  the  primary  site  of  precipitation  of  osmium  is  probably 
the  point  of  conjunction  between,  proteins  and  lipids. 


Fig.  9„  Cross  Section  of  the  Sciatic  Nerve  of  .a  R.at  (J-Iyelin 
sheath) , 

Fixation  with  osmium  tetroxlde.  Dark  bands  alternate  with 
wide  light  intervals  in  which  the  dark  bands  (1)  are  of  var¬ 
iable  intensity,  represents  a  splitting  of  dark  bands. 
Magnification  1,200, 000  (Fernandez -Moran  and  Finean,  195T). 


Fig.  10.  The  Action  of  Trypsin  Over  a  Period  of  12  Hours 

on  the  Myelin  Sheath  of  the  Sclstic  Nerve  of  a  Rat. 

Fixation  with  osrsiuro  tetroxide.  Attention  is  called  to  the 
degeneration  of  the  black  bands  into  separate,  clearly  de¬ 
fined  granules*  Magnification  380,000  (Fernandez -Moran  and 
Pinean,  1957). 
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Pig,  11,  Parts  of  Two  Adjacent  Exocrine  Cells  of  the  Pan-' 
creas  of  a  ^ Mouse  (A  and  B)  ^  .Bounded  by  Two  Cell 
Merrsbrane s  (a,  b)  and  the  Lighter  Interval  Between 


TbsEi  * 

ts  “»  alpha-'Cytomeffibrane  of  cell  As  A 
of  two  osmiophilic  parallel  ffiembranes 
is  40  angstrojB  nits)  separated 
{70 


formation  cons! sting 
(the  thickness  of  each 
nari’ow  light  interval 


units),  the  externa 
nected  with  dark  particles  (diaaeter 


units;  compare  with  the  gajriuis-cytosrjers’oj 
“  Mitochondr:l.a  of  cell  B  with  transverse 


by  a 

1  surface  of  which  is  con 
to  IpO  angst roHj 


130 


in 


I  ^ 

/  ^  jr 


2)t  n 


discs  (Sjo strand 


The  u;itr*astructural  organljsation  of  the  ground  sub- 
Btance  of  the-  cytoplas'as  has  bc^en  studied  In  detail  iji  the 
exocrine  ceils  of  the  pancreas,  the  cells  of  the  convoluted 
tubules  of  the  kidneys,  and  the  rods  of  the  retina.  The  re¬ 
sults  of  these  studies  are  as  follows 2 

Tne  typical  exocrine  cell  of  the^  panor-eas  of  the  mouse 
(Sjoetrand  and  Hansen,  1954A,  B,  C|  Figures  11  and  12)  Is 
Oouruied  by  the  above  Kientloned  cell  metabrane ,  In  the  cyto¬ 
plasm  numerouL,  very  large,  osmiophliic,  s'ymogenlc  granules 
sare  distributed  at  the  apex.  Large  ffiitochondrla  are  dlstri- 
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buted  throughout  the  entire  cytoplasm.  The  Golgi  apparatus 
is  between  the  cell  nucleus  and  the  zymogenic  granules;  all 
transitional  stages  can  be  seen  from  fine  granules  adherent 
to  the  Golgi  membrane  to  zymogenic  granules  which  are  visi¬ 
ble  imder  the  light  microscope.  The  remaining  space  in  the 
cell  (the  ground  substance  of  the  ctyopldsm)  is  filled  by 
the  sorcalled  alpha-cytomembranes,  which  are  distributed 
rouighly  concentrically  around  the  nucleus,  Alpha-cytomem- 
bran^s  ai'e  paired.  Each  of  its  two  component  parallel  osralo- 
phi lie  membranes  has^.j^:ii^^lckness  of  approximately  40  angstrom 
units;  on  its  exterhlri:,j|^f^ce,  dar;^-' clumped  particles  mea¬ 
suring  130  to  150  either  adherent  or  else 

are  closely  bound  to'^;^ftjiM'  Internal  surface  of  it  is  smooth. 
Each  pair  of  membranes  “’eficloses  a  narrow  space  of  70  ang¬ 
stroms  width,  which  is  less  osmiophllic  than  the  membrane. 

The  substance  which  fills  this  space  is  as  yet  unknown.  It 
may  possibly  be  that  this  is  an  organized  layer  of  lipids 
which  is  partly  dissolved  and  removed  at  the  time  of  proces¬ 
sing  of  the  material.  Hence,  each  paired  alpha-cytomembrane 
must  be  regarded  as  a  complex  membrane.  However,  it  is  also 
possible  to  regard  the  membrane  pair  as  a  flat  saccule  with 
a  liquid  content,  as  has  been  suggested  by  Robertson  (1954), 

Cells  of  the  pancrease  have  been  studied  not  only  in 
osmium-fixed  material  but  also  with  the  use  of  the  method 
of  freezing-drying  in  vivo  of  objects,  with  subsequent  im¬ 
mersion  in  methacrylate  without  osmium  tetroxide  staining. 

This  has  permitted  demonstration  of  the  same  paired  dark 
alpha-cytomembranes.  But  the  dimensions  of  the  space  in¬ 
cluded  between  the  two  dark  layers  of  each  pair  of  alpha-cyto¬ 
membranes  has  been  shown  to  be  considerably  narrovjer  and 
more  constant  than  following  fixation  with  asmium  tetroxide, 
which  is  probably  due  to  the  absence  of  swelling.  The  pol¬ 
arizing  microscope  reveals  a  doubly  refractlle  cytoplasm  in 
the  living  cells  of  the  pancreas.  The  particular  features 
of  it  are  fully  consistent  with  the  suggested  existence  of 
alpha-cytomembranes.  The  concordant  results  obtained  with 
the  use  of  the  three  different  methods  in  studying  one  and 
the  same  object  considerably  increase  the  probability  that 
a  membranous  organization  is  inherent  in  the  living  cells  of 
the  pancreas. 

The  great  number  of  alpha-cytomembranes  in  the  cells 
of  the  pancreas  naturally  suggests  that  they  participate  in 
the  synthesis  of  secretions.  In  other  cells,  alpha-cytomem¬ 
branes  are  localized  in  definite  zones  of  the  cytoplasm, 
such  as  in  the  cells  of  the  liver.  In  neurons  they  are 
found  in  the  Nlssl  substance.  They  may  be  completely  absent 
in  the  rods  and  cones  of  the  retina  of  the  eye,  in  cardiac 
and  skeletal  musclesr,  and  in  the  cells  of  the  renal  tubules. 
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nrhey  are  found  in  great  abundance  in  secretory  organs  ^ 
wkicb  elaborate  specific  proteins;  the  perotid  gJ-and,  the 
liver,  the  thyroid,  the  pepslnogenlc  celle  of  the  stomach, 
and  also  in  the  plasRooytes  of  the  spleen  arsd  of  the  lymph 
nodes  ’where,  accordisig  to  the  Ideas  of  Branneteiner  and 
Pakesch  (1955),  the  presence  of  alpha-cytomc-jr-branes  (”Er- 
gastoplasEj”)  mjst  bs  associated  with  the  fanotiona  of  el-^ 
aborating  the  specific  proteins  of  blood  plasma  and  of  anti- 
bodies,  Sjostrarsd  believes  that  the-  alpha  structure  of 
i  alpha- cytojserobranes  I’n  all  probability  *'is  a  useful,  or-  J- 
ganlEoci  raechaniem  for  the  ensymtieally-regul&ted  proceiSse.s 
of  synthesis”  (SJostrand,  1956,  page  494) , 


Cm 


A 


Fig,  12,  Representation  of  An  Exocrine  Cell  of  the  Pancreas 
of  &  Mouse, 

A  general  appearance  of  the  cell,  a  --  igymogenlc  granulesj 
d  —  Golgi  appSiratua,  k  —  mitochondria,  ts  -  alpha -cytoicsin- 
branes,  kw  —  cell  Wiemtx’ane  of  adjacent  cells  with  a  light 
interval,  bm  —  basal  rae;j,bi'sne,  B  —  the  portion  outlined 
by  a  circle  in  the  drawing  to  the  left  (A),  under  hlg'nei’ 
Kiagnlf ication.  Attention  is  called  to  the  sttmcture  of  the 
alpha-cy tomembranes,  roitochonclrla,  and  the  siKO  of  the  com™ 
poj).aKt'S  of  the  coll,  C  --  portion  indicated  by  a  circle  in 
the  drawing  above  (b)  (Sjodtrand  and  Hansen,  1954.4) , 

The  presence  of  alpha-cytoEierobranes  the  cytoplasm! 

,  Is  often  assoclEted  with  basophilia  of  th$  cytoplas®,  Kow- 
i-ever,  not  all  basophilia  of  the  cytoplasm  is  caused  by  tlvei 


presence  of  alpha -cytomembranes  it  may  also  be  due  to  areas 
containing  free,  dark  particles  where  alpha-cytomembranes 
are  not  found.  On  the  other  hand,  there  are  free,  dark 
particles  which  do  not  cause  basophilia. 

Cells  of  the  Proximal  Portions  of  the  Convoluted  Tubules 

Qf  Kidneys  . . . 


Electron  microscopic  studies  of  these  cells  in  mice 
have  enabled  SJostrand  and  Rhodln  (1953)  and  Rhodin  (195^) 
to  demonstrate  new  microscopic  details  which  had  not  been 
demonstrated  under  light  microscope  (Fig.  13).  On  the  lum¬ 
inal  side,  the  tubular  cells  bear  a  ciliated  membrane:  the 
cytoplasmic  processes  measure  1,4  microns  in  length  and  are 
500  to  700  angstrom  units  in  width.  They  are  covered  with 
an  osmiophllic  film  of  60  to  8o  angstroms  thickness.  These 
processes  alternate  with  deep  crypts,  which  are  also  sup¬ 
plied  with  a  membrane.  Beneath  the  crypts  in  the  ctyoplasm 
are  distributed  fluorescing,  water-soluble  (and  hence  solu¬ 
ble  also  in  the  osraiiAin  fixative)  granules,  which  appear  on 
electron  micrographs  as  light  staining  vesicles.  At  the 
base  of  the  cells,  the  cell  membrane  intrudes  into  the  cyto¬ 


plasm  in  the  foi'm  of  an  invagination, 

the  beta-cytomembi’aaf' ,  whjch  cliv.idr.r 
zone  Into  quasi -parallel  chambers,  A 


called  by  Sjostrand 
tlf:  cy  i  oplE  sm  of  this 
long  the  beta-cytomem- 


brane,  perpendicular  to  the  base  of  the  cell,  numerous  mito¬ 
chondria  line  the -chambers ,  The  Golgi  membranes  (gamma-cyto- 
membranes)  and  the  fine  vacuoles  associated  with  them  are 


situated  near  the  nuclear  membrane,  Hoviever,  the  large  vac¬ 
uoles  or  vacuolar  spaces  of  the  Golgi  apparatus,  as  well  as 
alpha-cytomembranes,  are  not  found  here  at  all.  Throughout 
the  cytoplasm  are  dispersed  small  groups  of  fine,  dark  par¬ 
ticles  about  50  angstroms  in  diameter,  as  well  as  Isolated, 
intensely  osmiophllic,  large  granules. 

All  of  these  factual  flndingi:  have  been  confirmed  by 
Bargraann,  Knopp,  and  Schiebler  (1955)  and  Pease  (1955). 
According  to  Rhodin  (1954),  variations  of  the  functional 
state  within  the  limits  of  physiologic  variation  do  not  ap¬ 
pear  to  cause  detectable  ultra structural  changes  in  the 
cells  of  the  proximal  convoluted  tubules.  With  "non-physl- 
ologic*'  changes  (the  administration  of  egg  albumin  intrapcr- 
Itoneally  in  mice),  there  was  a  reduction  in  absorption  by 
these  cells,  and  at  the  same  time,  electron  micrographs  showed 
disruption  of  the  ultrastructures  of  mitochondria  and  fusion 


of  them  into  large  granules.  Throughout  a  certain  period  of 
time,  it  was  possible  to  follow  the  degeneration  of  the  gran¬ 
ules  and  the  lestoration  of  the  ultra structure  of  the  mito- 
chondi’ia.  Along  with  this,  there  was  also  a  restoration  of 


35 


Figo  13o  Schematic  Representatloh  of  a  Cell  of  a  Proximal 
Convoluted  Tvibule  of  the  Kidney  of  a  Mouse* 

tso  --  cytoplasmic  processes  of  the  ciliary  borders^  km  — 
cell  membrane^  kr  crypts,  fg  --  fluorescing  granules, 
tsm  —  beta-cytomembranes,  k  —  "Chambers,”  m  —  mitochon¬ 
dria,  mg  —  Golgi  membranes  (gajama-cytomembranes) ,  mch  — 
fine,  dark  parcicles,  g  —  large  grarmles,  ya  --  nucleus, 
bia  —  basal  membrane  (Sjostrsnd,  i956) , 

the^normal  level  of  absorption.  Farkuhar,  Vernier,  and  Goode 
(1957),  who  made  microbiopsies  of  the  kidney  in  cases  of 
human  nephrosis,  observed  in  the  cytoplasm  of  the  cells  of 
the  proximal  convoluted  tubules  under  the  electron  mieroS” 
cope  an  accumulation  of  large,  dense  granules,  which  corres¬ 
ponded  to  the  "hyaline  droplets”  of  the  pathologist.  The 
authors  noted  every  transition  from  mitochondria  to  these 


Fig«  X4,  Schenifitic  Reprs- 
serstafcion  of  a  Rod  of  the 
Re  tin;?  of  the  Eye  of  a 
Guinea  Pig,  nch  -  External 
member^  krn  -  cell  membrane,' 
d  -  transverse  disc  (double 
osffilophilic  membranes),  s  - 
.fibrillar  stalk,  vch  ~  Inter- 
inal  member,  ro  -  mltochondr'ia. 


granules.  True,  they  V'?ere 
unable  to  see  a  fusion  of  sev¬ 
eral  dlfiX’uptecl  mitochondria 
Into  large  granules,  but  they 
did  notice  an  inox'ear.e  In  the 
size  of  separate  mitochondria, 
accompanied  by  changes  in  their 
struetuTce ,  in  vie’s^  of  the 
findings  of  Rhodin,  it  may  bp 
supposed  that  this  is  the  rei" 
suit  of  hyperactivity  of  mito¬ 
chondria  following  penetration 
into  the  cells  of  large  amounts 
of  urinary  protein,  clue  to  in¬ 
juries  of  the  glomerulus, 

^5e_Rods  j}f^  the  Retina  of_  the 

'IIF . .  ’ 

A  study  of  the  ultra- 
structure  of  the  retinal  rods 
has  been  the  subject  of  many 
investigations,  especially  the 
work  of  f jostrand  (1949^  1953A, 
B)  and  Roberti  B  (1936).  Tiiere 
is  a  striking  difference  be¬ 
tween  the  electron  micrograph 
of  retinal  roda  and  the  usual, 
repr’e-sentationa  of  reds  seen 
under  the  light  microscope 
(Fig,  14).  in  the  e>rternal 
member,  jn  addition  to  the  cell 
membrajte  already  known  to  us, 
discovery  has  been  made  of  a 
column  of  transverse  circular 
discs  packed  densely  one  on 
top>  of  another.  Bach  dj.se 
consists  of  a  pair  of  osmlo- 
phillc  meifibraneK  30  srigstroms 
in  thickness  each,  which  by 
fusing  complete  a  micro stain¬ 
ing  space  70  to  80  angotroms 
in  width.  Th.e  diatanco  between 
the  discs  is  100  angstrom  un¬ 
its,  The  results  of  optic 
polarizing  analysis  and  cer¬ 
tain  other  findings  indicate 
that  in  the  light  part  of  the. 
disc  there  is  a  eoncentrs- 
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nf  -  neuroprotlflbrlls,  mv  »  tlon  of  lipid  molecules,  which 
Muller  fiber,  krav  -  cell  mem-  are  disposed  parallel  to  the 
brane  of  the  Muller  fiber,  long  axis  of  the  rod.  Upon 
ya  -  nucleus  of  a  rod,  st  -  fragmentation  of  the  rod,  the 
synaptic  corpuscle,  sg  -  syn-  osmiophillc  membranes  may  be 
aptlc  granule,  p  -  process  .  Isolated,  ^vhlch  testifies  to 

(Sjostrand,  the  stability  of  their  struc- 
^950 ) .  ture  and,  perhaps,  to  their  pro 

teln  nature.  The  above-men¬ 
tioned  dimensions  of  the  components  of  the  external  members 
are  in  agreement  with  the  results  of  X-ray  structural  analy¬ 
sis,  which  Increases  the  reliability  of  the  electron  micros¬ 
copic  measurements. 


The  external  member  Is  Joined  to  the  internal  member 
by  means  of  a  fine  fibrillar  stalk,  ,SJostrand  (1956)  sug¬ 
gested  that  this  stalk  is  "to  a  cert'Sin  degree  similar  to 
the  cilia  described  by  Fawcett  and  Porter,"  Later  studies 
by  Robertls  and  Franchl  (1956)  of  the  structure  and  morpho¬ 
genesis  of  rgt^n^l  rods  (plg,  15)  showed  that  the  entire  ex¬ 
ternal  memb^;M^|d||e  rod  is  like  the  primitive  clllum  of  an 
embryonal  ;d:e|i,|fi>^d,h  has  grown,  expanded,  and  become  modified 
by  the  accttoidll^^pjp'and  differentiation  of  material  which  is 
converted  into  ah  accumulation  of  fine  saccules  or  double  mem 
brane s.  On  one  edge  of  the  external  member,  however,  nine 
double  fibrils  of  a  primitive  cllium  are  retained  and  remain 
connected  by  short  tubules  with  the  double  membranes  of  the 
disc. 


The  connecting  stalk  is  the  least  modified  part  of 

Tts  nine  double  peripheral  threads.  Immersed  in 
n  Internal  member,  form  the  basal  granule. 

Both  members  and  the  connecting  stalk  are  surrounded  by  a 
common  continuous  cell  membrane.  In  the  zone  of  the  basal 
granule  and  the  zone  proximal  to  it,  the  Internal  member  js 
quite  literally  stuffed  with  mitochondria,  which  coi'responds 
to  tae  ellipsoid  seen  under  the  light  microscope.  In  the 
proximal  zone  of  the  member  there  are  no  mitochondria,  but 
there  is  a  Golgi  apparatus,  vacuoles,  dense  particles,  and 
neuroprotofibrils.  The  latter,  in  their  aggregation,  form 
a  bundle  which  emerges  from  the  member  in  the  form  of  a  pro¬ 
cess  directed  toward  the  synaptic  granule.  This  fiber  is 
similat*  In  sti*ucture  to  the  flbei’s  of  Reinak*  Its  cell  mem- 
brane  is  closely  adherent  to  the  cell  membrane  of  the  lunar 
fiber  (of  the  corresponding  Schwann  cell),  which  likewise 
forms  a  three-layered  structure  (two  dark  layers  separated 
by  a  la.ght  layer)  ^  At  the  base  of  the  internal  membex*,  the 
zones  of  cytoplasm  adjacent  to  the  cell  membranes  of  the  rods 
and  the  Muller  fibers  are  much  condensed  and  deeply  osmlophl- 
lic.  Between  the  cells  there  remains,  as  usual,  a  narrow 
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Eight  space.  However,  under  ilght  micro scopy, 
staining  dense  cytoplasm  of  this  zone  creates 
of  a  perforated  membrane  the  ''mea'ibrana  llml 
In  aotijality,  such  a  membrane  does  not  exists 


the  deeply-^ 
the  Impression 
tans  extein-ia”. 
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ules  with  a  diameter  of  200  to  650  angstroms,  which  are 
found  In  other  synapses.  These  are  apparently  specific  com¬ 
ponents  of  the  cytoplasm  of  all  synapses.  The  ultrastruc- 
tural  organization  of  the  rods,  as  demonstrated  by  electron 
mlcroscppy,  has  led  to  different  Interpretations.  One  of 
these,  Ss  proposed  by  SJostrand,  Is  as  follows:  In  accor¬ 
dance  with  the  views  of  Ingelstam  (1955) >  the  external  mem¬ 
ber,  With  its  numerous  mitochondria,  may  perhaps 'g'bnerate 
the  additional  e  ergy  necessary  for  stlmulatidn  of  the  cell, 
and  thus  plays  the  role  of  an  amplifier.  The  state  of  exci¬ 
tation,  or  stimulation.  Is  transmitted  from  the  internal 
member  to  the  synapse,  probably  in  a  manner  analogous  to 
that  in  which  a  wave  of  stimulation  is  transmitted  along  a 
fiber  of  Remak,  “ 

Here  it  would  be  advisable  to  direct  attention  to  the 
fact  that  electron  microscopic  studies  of  chloroplasts,  car¬ 
ried  out  by  Stelnmann  and  SJostrand  (1954;  1955)  with  high 
resolution,  have  disclosed  the  phenomenon  of  advanced  con¬ 
vergence,  The  sofcalled  grains  of  chloroplast  are  construc¬ 
ted  in  a  manner  similar  to  the  external  member  of  the  rod 
and  cone;  that  Isf  they  consist  of  columns  of  paired,  fused 
membranes  with  regular  Intervals  between  The  period¬ 

icity  Is  equal  tof250_^to  27Qfeangstroms, been  con¬ 
firmed  by  X-ray  s|ructural  tainalyBls.  table  that 

one  should  compare  this  morphologic  paraS3;^iibm  with  the  fact 
that  rods,  cones,  and  chloroplasts  are  allC  'ij^ceptors  of  light 
energy,  ■■ 

*  *  * 

Upon  studying  the  above -described  factual  findings, 
one  inescapably  concludes  that  the  ’’membranous  structures” 
are  natural  and  widely-distributed  components  of  cytoplasm. 
They  may  be  found  In  such  parts  of  the  ctyoplasm  as  the  ex¬ 
ternal  members  of  rods  and  cones  or  In  the  convoluted  renal 
tubules.  However,  membranes  such  as  the  ultrastructural  ete  - 
ments  of  the  mitochondria  or  the  Golgi  apparatus  are  appa¬ 
rently  a  part  of  every  cell. 

We  may  say  with  certainty  that  the  term  "membrane"  Is 
extr6niGly  unsuitable,  since  it  elicits  a  number  of  dlversl- 
fled  and  Irrelevant  associations.  The  cytoplasm  is  represen¬ 
ted  in  this,  as  It  were,  as  being  divided  by  solid  barriers 
Into  a  multiplicity  of  chambers.  In  actuality,  however, 
authors  using  such  terms  In  the  description  of  ultrastruc¬ 
tures  Intend  only  to  emphasize  that.  In  certain  portions  of 
the  cytoplasm,  there  Is  a  stri.ct  ordering  of  the  organiza¬ 
tion  of  macromolecules  In  space.  In  some  cases  --  in  the 
mitochondria  or  in  the  discs  of  the  rods  --  this  organiza- 


tion  Is  probably  of  a  lipoprotein  nature.  In  other  portions, 
the  organization  may  be  different.  This  spatial  ordering. 

It  would  seem,  corresponds  to  the  complex  enzymatic  control 
processes  which  occur  In  definite  zones  of  the  cytoplasm. 
Ordered  protein  structures,  according  to  SJostrand  and  others, 
are  relatively  resistant  to  various  influences.  In  partic¬ 
ular,  as  Ip  known,  mitochondria  extracted  in  vivo,  by  means 
of  fragmentation  and  centrifugation  of  the  cells,  retain  the 
ability  to  participate  In  complex  enzymatic  processes.  How¬ 
ever,  mlto'chondrla  of  the  renal  tubules.  In  the  experiments 
of  Rhodin,  Under  the  influence  of  additional  protein  enter¬ 
ing  the  cell,  change  their  ultramlcroscopic  organization, 
are  disrupted,  and  fuse  In  "hyaline  droplets".  At  the  same 
time,  however,  they  do  not  lose  their  ability  to  recover 
their  disrupted  structures  and  to  restore  their  disordered 
functions.  Probably,  the  "membranous  organization"  of  one 
or  another  component  of  the  cytoplasm  is  continually  chang¬ 
ing  in  connection  with  the  functional  state  of  the  cell  at 
any  given  moment.  There  have  recently  been  published  several 
studios  which  support  this  Idea  (Roulller  and  Gansler,  1955; 
Schulz,  1956,  1957;  Luft  and  Hechter,  1957,  and  others). 

Unfortunately,  biochemists  and  physiologists  are  not 
In  sufficiently  close  contact  with  electi’on  microscoplsts, 
which  Is  partly  responsible  for  the  lack  of  a  more  complete 
knowledge  of  the  alpha-,  beta-,  and  gamma-cutomembranes;  sim¬ 
ilarly,  the  functional  connections  betv;een  mitochondria, 
alpha-cytomembranes,  Golgi  apparatus,  and  zymogenic  granules 
in  the  secretory  cells  of  the  pancreas,  etc.,  have  not  been 
elucidated.  The  morphologic  pictures  of  ultra structures 
which  have  been  demonstrated  must,  however,  provide  a  stimu¬ 
lus  to  the  setting  up  of  physiologic  and  biochemical  experi¬ 
ments  for  the  purpose  of  clarifying  a  nvimber  of  important 
biologic  problems. 

The  Incorrect  idea  may  be  obtained  that  alpha-,  beta-, 
and  gamraa-cytomembranes  are  the  sole  elements  of  the  ground 
substance  of  the  cytoplasm  Is  constructed  according  to  the 
membrane  type.  In  actuality,  however,  these  cytomembranes 
are  immersed  In  a  more  or  less  homogeneous  substance,  which 
has  been  called^a  matrix  by  many  investigators  (Pollcard 
and  -essis,  1956).  Unfortunately,  up  until  the  present  time, 
the  structure  of  this  matrix  has  not  been  studied.  Demon¬ 
stration  of  the  membrane  type  of  structural  organization  has 
been  facilitated  by  several  circumstances:  both  by  the  fact 
that  fibrillar  proteins  are  apparently  stable,  not  being  dis¬ 
rupted  or  being  changed  only  slightly  by  the  rather  harsh 
processing  of  the  material  necessary  for  the  preparation  of 
thin  sections,  and  by  the  fact  that  they  scatter  electrons 
and  "stain"  Intensely  with  osmium.  It  is  a  quite  different 
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matter  with  the  matrix.  In  all  llkellkhood,  the  globular 
proteins  which  compose  It  are  less  stable  and  are  easily 
disrupted,  and,  together  with  lipids  and  other  substances, 
are  partially  extracted  during  processing  with  aqueous  so¬ 
lutions*  alcohols,  and  acetone.  The  dense  dark  particles, 
which  without  reason  are  called  by  biochemists  "mlcrosomes, " 
which  are  scattered  throughout  this  matrix,  are  preserved. 

The  "mlcrosoraes"  represent  a  collective  group  consisting  of 
particles  which  differ  In  form,  size,  chemical  composition, 
and  number.  They  still  require  detailed  study  in  different 
cells  both  by  biochemical  and  by  morphologic  means.  The 
nvimerous  vacuoles  wbilch  are  found  may  actually  be  vacuoles 
in  a  living  cell,  such  as  the  pulsatile  vacuoles  and  the 
vacuoles  of  pinocytosis  seen  In  blood  films  (Bessis,  1957), 
or,  on  the  other  hand,  may  simply  testify  to  the  fact  that 
the  substance  filling  them  w^s  removed  during  preparation 
of  the  sections.  The  visible  vacuolar  structure  may  also  be 
a  reflection  6t  fatal  changes.  For  a  detailed  study  of  the 
ultrastructure  of  the  matrix,  new  methods  of  fixation.  Im¬ 
mersion,  and  "staining”  must  be  developed. 

Let  us  dwell  for  a  moment  on  the  loose  term  "endo¬ 
plasmic  network"  used  by  American  authors  and  accepted  by 
certain  other  authors.  This  term  Is  applied  to  vei’y  dif¬ 
ferent  formations  In  the  cytoplasm  —  tubules,  canalicular 
formations,  vesicles,  vacuoles,  alpha-,  beta-,  and  gamma- 
membranes,  and  others.  Without  providing  a  clear  morphologic 
characterization  of  these  formations  In  their  descriptions 
of  them,  their  use  of  this  term  frequently  simply  Introduces 
confusion,  .  It  seems  to  me  that  SJosti>and*s  point  of  view 
Is  correct:  at  the  present  state  of  our  knowledge  concern¬ 
ing  the  ultra structure  of  cytoplasm  we  need  a  precise,  mor¬ 
phologic,  quantitative  characterization  of  one  or  another 
element,  with  precise  account  being  taken  of  its  orientation 
and  space.  Only  such  a  characterization,  with  careful  and 
exact,  studies,  can  be  translated  into  molecular  language, 

*  *  * 

What  we  have  found  out  about  the  ultramicro scoplc 
organization  of  cytoplasm  Is  the  result  of  creative  thought, 
definite  directiveness,  and  unrelenting  effort  on  the  part 
of  scientists  over  a  period  of  only  a  few  years.  Our  know¬ 
ledge  Is  as  yet  very  scanty.  Our  techniques  are  as  yet  far 
from  perfection.  But  this  in  the  beginning  of  our  penetra¬ 
tion  into  a  new  area  of  knowledge  —  the  area  of  study  of 
the  ultramlcroscoplc  organization  of  cells.  The  rapidity 
with  which  electron  mlcroscopists  have  succeeded  In  over¬ 
coming  technical  obstacles  gives  us  reason  to  believe  that 
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electron  microscopy  Is  a  method  which.  In  close  coordination 
with  the  cytophysiology,  biochemistry  and  biophysics  of  the 
cell,  will  lead  in  the  near  future  to  the  discovery  of  hishlv 
important  biologic  laws.  ^  ^ 
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Quantitative  Cytochemlcal  Studies  of  Ribonucleic  Acid  In 
Different  Neurdns""of  the  Vlsual~PatKways  Upon  Exposure 

'"^to  a  Llght~’Stiinulus 

V,  Ya.  Brodskly  and  N.  V.  Nechayeva 

The  Laboratory  of  Cytology  of  the  Institute  of  Animal  Mor¬ 
phology  of  the  Academy  of  Sciences  USSR,  Mosco^rf 

Studies  of  changes  In  the  content  of  ribonucleic  acid 
(RNA)  Irl  the  neurons  upon  exposure  to  adequate  stimuli  have 
been  made  by  a  number  of  authors*  Studies  of  changes  In  the 
content  of  RNA  arising  In  the  ganglion  cells  of  the  retina 
as  the  result  of  light  stimulation  have  led  to  contreverslal 
results.  Some  authors  (Abelsdorf,  1901,'  Schupbach,  1906; 
Erlich  and  Dlsche,  1950)  did  not  detect  any  changes  in  the 
amount  of  RNA  upon  light  and  dark  adaptations  of  the  retina, 
whereas  others  noted  a  reduction  In  the  amount  of  basophilic 
substance  following  exposure  to  light  (Carlson,  1902),  and 
a  third  group  have  described  an  Increase  In  the  amount  of 
RNA  In  the  cytoplasm  of  ganglon  cells  of  the  retina  upon  In¬ 
creasing  the  time  of  exposure  to  a  light  stimulus  (Brattgard, 
I95IJ  Bech,  1957;  Brodskly  and  Nechayeva,  1958)* 

According  to  the  data  of  Brattgard  (1951) »  within  three 
hours  after  placing  the  animals  in  darkness,  RNA  completely 
disappears  from  the  ganglon  cells  of  the  retina;  according 
to  our  own  findings  (Brodskly  and  Nechayeva)  and  the  obser¬ 
vations  of  Bech  (1957),  In  the  ganglon  cells  of  the  retina 
adapted  to  darkness  a  certain  amount  of  RNA  is  always  re¬ 
tained;  how’ever,  the  concentration  of  it  is  diminished* 

Preceding  viorks  have  touched  on  the  changes  in  the 
amount  of  RNA  upon  exposure  to  light  stimulation  only  In  one 
link  of  the  visual:  pathway  —  the  ganglon  cells.  The  pur¬ 
pose  of  the  present  Investigation  was  to  study  the  changes 
in  the  amount  of  RNA  in  different  neurons  of  the  visual  path¬ 
way  In  a  state  of  comparative  rest  and  during  intensive  func¬ 
tioning  of  It  (In  the  dark  and  upon  stim'alatloii) , 

The  studies  vjere  carried  out  on  cells  of  the  Inner 
nuclear  and  ganglon  layers  of  the  retina  and  the  cells  of 
the  first  granule  laj^er  of  the  visual  portion  of  the  mid- 
brain  of  grass  frogs  kept  in  darkness  for  a  period  of  48 
hours  or  for  different  periods  of  time  (5,  10,  40  minutes  and 
1  or  2  hours)  of  exposure  to  continuous  light  (Yarbus,  I956) . 
The  material  was  fixed  with  a  mixture  of  alcohol,  formalin 
and  acetic  acid  (l:3s0.3)  (Brodskly,  1956a);  it  was  then  im- 
mei’sed  in  paraffin,  and  sect  Ians  of  five  microns  thickness 
were  prepared.  The  RNA  was  studied  with  the  aid  of  ultra¬ 
violet  microscopy  and  ctyopho tome try  (Brodskly,  1955,  1956b) , 
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^he  present  nork  is  a  continuation  of  the  preceding  «ork  * 
(Brodakly  and  Nechayova^.  1958)  *  l^he  results  of  the  iseas-- 
urements  are  susn^ari^ed  In  Figures  1  and  2* 
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1,  Nucleic  Acid  in  Different  Keurons  of  tnQ  visual 
Fathray  in  Darkness  and  in  Light,  Microphoto¬ 
graphs  with  Ultraviolet  Ray©  (26-5  Milliffiicrons) , 
0bject5.ve  5B  Tijses  nA  «  0,8,  Ocular  8  Times  (Kag~ 
nlfication  1040), 

Bipolar,  II  --  Qangion  Celia,  a  —  darkness  48  hours, 
light  ten  minutes,  c  —  light  two  hours  for  II  and  one 
for  I. 
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t5iz’ee  types  of  nezjr-oKn  Ktudled  ax’e  ciharacceriKed  by  dirfer- 
o?;b;  contents  of  cytoplasmic  |vNA.  The  ccncontratlors.  of  RK'A 
in  the  bipolox'  ceilff:  of  r-~tirA?-  adapted  to  dfcr’kpe;;o  S& 
slightly  hlghei’  thari  li'i  the  gangion  cellSj,  arai  xxi  the  cellrs 
of  the  first  granular  layer  of  the  raid -brain  it  is  even 
higher  than  in  the  bipolar^,  Teri-rriinute  ernoKnur'c  to  a 
light  stimulus  cairaes  an  InCi’eaee  in  the  con  cent  rat  for  of 
F;MA  in  the:  rtciironc  of  the  in.terr.s.1  nuclear  layor  of  tiiC  re¬ 
tina*  Thtr  character  of  the  hi  etograms  (varjation  curves) 
of  gangion  cells  and  cells  of  the  .mic-’Drain  rarr.p'lvin  the  sanie 
during  this  time  as  In  oarknees,  Furthsr  expoc'/.r-e  to  a 
light  utimat'UE  (to  Eilnutes)  catu-es  an  InorsaBo  in  tho  aaiount 
of  RMA  not  only  in  the  blpol&r-s  but  also  in  the  ganglion 


Cf;l.ls,  In  the  cells  of  the-  first  granular- 
brain,  the  optical  ftonsitj-  of  RNA  does  not 
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^exposure  to  continuous  light  from  forty  minutes  to  two  H 
hours,  the  concentration  of  RNA  increases  in  all  neux*ons 
of  the  visual  pathway  which  we  studied;  in  the  blpolars  (in 
the  internal  nuclear  layer  of  the  retina  one  can  distinguish, 
as  is  known,  three  basic  types  ct  neurons  localized  in  def¬ 
inite  portions  of  the  layers.  Thus,  the  external  part  of 
the  internal  nuclear  layer  is  occupied  by  horizontal  cells, 
the  central  part  by  blpolars,  and  the  ints  nal  part  primar¬ 
ily  by  amacrlne  cells.  We  studied  the  neurons  of  the  cen-^ 
i  tral  part  of  the  layer,  that  is,  almost  exclusively  blpo¬ 
lars)  ,  ganglion  cells,  and  cells  of  the  mid-brain. 
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Pig.  2,  Graphic  Representation  of  the  Changes  In  Optical 
Density  of  RKA  in  the  Cytoplasm  of  Separate  Neur¬ 
ons  of  the  Visual  Pathway.  , 
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of  R]<A  -In  both  the  bipolar  and.  ganglion  cells  (in  the  gatig- 
lion  layer  of  the  retina,  in  addition  to  purely  sensory  rseu- 
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cells) 
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Our  studies  Involved  only  thu 
incx’eases  to  the  sa®e  extent. 


B’.id"'fcralrh  tho'  amount  of  RNA  begins 


!. 


sensory  gangliOii 
In  the  cells  of  the 
to  increase  only  after 

an  ho'jr  follo’^ing  the  onset  o.f  illumination,  and.  this  in¬ 
crease,  as  compared  with  that  in  the  bipolar  and  ganglion 
callfi,  Is  very  slight.  Although  a  two-hour  lllurn.lnatl.on 
c.a-use3  an  Increase  In  the  coricentratlon  of  RIA4  in  the  gang¬ 
lion  ceils  of  the  retina  of  almost  three-fold,  in  the  cells 
of  the  first  granular  layei’  of  the  mld-brait!.  the  ansount  of 
Eb'A  d\?ring  the  same  period  of  time  increases  less  than  one 
and  a  half  tiroes. 

Our  results  are  in  agreement  with  the  findings  of 
Ea4Tib::‘;:'gC'i'  ana  Hyden  (1949),  who  observed  an  Increase  in  , 
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the  concentration  of  RNA  in  the  neurons  of  the  auditory  anal¬ 
yzer  under  normal  functional  stress  and  a  reduction  of  it 
upon  exhaustion  of  the  neurons. 

As  can  be  seen  from  the  findings  which  we  obtained, 
a  light  stimulus  causes  an  inci’ease  in  the  amount  of  RNA  in 
all  of  the  neurons  of  the  visual  pathway  which  we  studied. 
However,  the  changes  in  the  concentration  of  RNA  are  a  con¬ 
sequence  and  not  a  cause  of  the  functioning  of  the  neurons. 
This  is  indicated  by  the  fact  that  complete  working  capacity 
of  nerve  Cf 11s  is  observed  even  in  the  presence  of  compara¬ 
tive  lyt^ptSfi^  amounts  of  RNA,  The  amount  Of  RNA  in  the  neu¬ 
rons  retina  increases  considerably  later  tlian  does 

the  functional  activity  of  these  neurons  upon  exposure  to  a 
light  stimulus. 

An  analysis  of  the  histograms  characterizing  the  con¬ 
centration  of  RNA  in  the  cytoplasm  of  neurons  indicates  that 
the  amount  of  RNA  within  a  given  group  of  nerve  cells  varies 
considerably.  Thus,  upon  adaption  of  animals  to  darkness,  . 
we  found  isolated  cells  in  each  of  the  layers  of  neurons 
which  we  studied  which  contained  RNA  in  amounts  equal  to  that 
found  in  elements  subjected  to  light  stimulus.  The  ratio  of 
the  number  of  these  cells  to  the  entire  number  of  cells  var¬ 
ied  in  different  parts  of  the  visual  pathw-ay.  In  the  inter'- 
nal  nuclear  and  ganglion  layers  of  the  retina  of  animals 
adapted  to  darkness,  about  25  percent  of  ceils  contained^ an 
Increased  amount  of  RNA,  and  about  50  percent  of  the  cells 
in  the  mid-brain,  contained  an  Increased  amount  of  RNA  ivnder 
the  same  condlti'onsV..:,'’.  >' 

The  presence,  of  cells  in  states  of  com¬ 

parative  rest  (the  retina  kept  in  darkness)  may  be  explained 
by  the  fact  that  the  processes  of  replenishment  of  proteins 
in  the  neurons  occur  during  any  of  its  fvinctional  states. 
Therefore,  a  certain  amount  of  RNA  Is  retained  even  in  the 
body  of  a  non-stlmulated  nerve  ce].l.  This  minimal  content 
of  RNA.  differs  from  different  types  of  neuron,  for  example, 
the  motor  neurons  of  the  spinal  cord  (Brodskly,  1956a),  the 
bipolar  and  ganglion  cells  of  the  retiiia,  and  the  cells  of 
the  mid-brain.  Such  differences  in  the  amount  of  RNA  depend, 
it  seems  to  us,  primarily  on  the  totcJ.  amount  of  protein  in 
the  neurons;  the  greater  the  protein  content  of  the  nerve 
cell,  the  more  powerful  apparatus  for  its  replenishment  it 
must  have.  However,  this  is  only  one  of  the  possible  causes 
of  the  preservation  of  RNA  in  a  non-stimulated  nerve  cell, 
although  it  is  probably  the  most  important  cause. 

It  is  also  quite  possible  that  the  differences  in  the 
amounts  of  RNA  in  the  various  ganglion  cells  of  the  retina 
in  darkness  are  a  consequence  of  the  different  spontaneous 
activity  of  these  neurons,  which  is  already  well  known  in 
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electrophysiology  (Granlt,  1947).  In  particular,  this  per¬ 
tains  to  the  neurons  of  the  mid-brain.  Thus,  according  to 
the  data  of  Jung  and  Baumgartner  (1955),  about  50  percent  of 
the  nerve  cells  of  the  visual  cortex  of  the  cat  possess  a 
high  spontaneous  activity  and  do  not  react  to  light.  Pos¬ 
sibly,  it  is  this  heightened,  spontaneous  activity  which  ex¬ 
plains  the  high  level  of  RNA  in  the  neurons  of  the  mid-brain 
of  frogs  kept  in  darkness,  and  the  relatively  small  changes 
in  RNA  under  conditions  of  varying  stimulation.  The  spon¬ 
taneous  activity  of  neurons  of  the  retina,  as  is  known,  is 
not  great,  A  light  stimulus  causes  a  considerable  Increase 
in  the  electrical  activity  of  the  majority  of  them.  It  may 
be  supposed  that  this  explains  the  great  lability  of  RNA  of 
the  neurons  of  the  retina  as  compared  with  the  elements  of 
the  mid-brain. 

The  above-listed  factors,  and  probably  cei’tain  other 
as  yet  unknown  factors,  determine  the  differing  chemical 
characteristics  of  neurons  which  differ  in  their  function. 
The  reality  of  cytochemical  dlfi*erences  betv.'een  sensory  and 
motor  nerve  cells  is  indicated  by  the  works  of  G.  I.  Roskin 
and  Shornlkova  (1953)  and  Roskin,  Zhirnova  and  Shornikova 
(1954),  who  studied  these  cells  for  the  distribution  of  RNA, 
DNA,  phosphatase,  and  certain  amino  acids,  L„  B,  Levin'son 
and  his  associates  (Levin- son  and  Ananova,  1956;  Levin' son 
and  Leykina,  1956)  obtained  findings  concerning  the  chemical 
differences  of  different  neurons  in  embryonic  material. 

Upon  exposure  to  a  light  stimulus,  the  amount  of  RNA 
in  different  neurons  increases  to  unequal  extents.  As  was 
noted  above,  after  an  ho'ar  of  Illumination  with  continuous 
light,  about  25  percent  of  cells  of  the  retina  and  50  percent 
of  neurons  of  the  mid-brain  generally  retain  a  reduced  amount 
of  RNA  equal  to  that  which  vjould  be  expected  in  elements  of 
animals  adapted  to  darkness.  Two  to  three  hours  after  onset 
of  exposure  to  a  light  stimulus,  all  of  the  cells  of  the  re¬ 
tina  contain  an  Increased  amount  of  RNA;  however,  the  con¬ 
tent  of  this  substance  varies  in  different  cells.  The  var¬ 
iability  of  the  concentration  of  RNA  in  the  cytoplasm  of 
neurons  of  the  retina  exposed  to  a  light  stimulus  is  orob- 
ably  explained  by  the  fact  that  the  nerve  cells  function  at 
different  times  and  with  differing  intensity.  Differences 
in  the  changes  of  RNA  between  the  bipolar  and  the  ganglion 
cells,  on  the  one  hand,  and  the  neurons  of  the  first  granu¬ 
lar  layer  of  the  visual  portion  of  the  mid-brain,  on  the  , 
other,  may  perhaps  be  explained  by  different  structural  and 
functional  (and,  as  a  result,  chemical)  properties  of  the 
neurons  at  the  different  levels  of  the  visual  pathway. 
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Conclusions 

1,  Following  light  stimulation  Of  different  neurons 
of  the  visual  pathway,  the  concentration  and  amount  of  RNA 
in  the  ctyoplasm  changes, 

2 .  The  content  of  RNA  In  unstimulated  neurons  at 
different  levels  of  the  visual  analyzer  differs.  An  in¬ 
crease  In  the  content  of  RNA  In  these  cells  as  the  result  of 
exposure  to  a  light  stimulus  begins  at  different  times  in^ 
different  neurons  of  the  Interrtal  nuclear  and  ganglion  layers 
of  the  retina  and  the  cells  of  the  visual  portions  of  the 
mld-braln.  The  Intensity  of  Increase  and  the  concentration 
of  RNA  differ  In  different  layers. 
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A  Study  of  the  Granular  and  Vacuolar  Inclusions  Arising  in 
Cells  Upon  the. Action  of  Novocaine  and  Certain" 

Q^her  Substances 

P.  P.  Rvimyantsev 

The  Laboratory  of  Cell  Adaptations  of  the  Institute  of  Cytol¬ 
ogy  of  the  Academy  of  Sciences  USSR,  Leningrad 

Using  the  method  of  Vital  Staining,  Vol'fenzon  (1954) 
showed  that  local  anesthetics  are  not,  strictly  speaking, 
neurotropic  agents  since  in  similar  concentrations  they 
cause  similar  paranecrotic  changes  both  in  neurons  and  in 
non-heural  cells.  Vol’fenzon  also  dlsodvered  that  novocaine 
in  paranecrotic  concentration  causes  a  'reversible  contraction 
of  fibroblasts  which  AleksahdrbV  and  Vol«fenzon  (1956)  com¬ 
pared  with  muscular  contraction  and  believed  to  be  a  conse¬ 
quence  of  a  persisting  local  stimulation. 

Hence,  morphologic  findings  concerning  changes  in  tis¬ 
sues  upon  exposure  to .novocaine  and  to  procaine  have  permit¬ 
ted  a  new  approach  to  the  problem  of  local  anesthesia  from 
the  point  of  view  of' •jihe  most  general  conceptions  concerning 
•functional  and  substantive  changes  in  stimulated  and  injured 
tissues  —  the  theories .of  parabiosis  of  Vvedenskiy  (1901) 
and  the  denaturatlon  theory  of  Nasonov  a.nd  Aleksandrov  (1940), 
These  facts  are  sufficient  to  indicate  the  prospects  af.forded 
by  studies  of  the  effects  of  pharmacologic  agents  by  cyto- 
logical  methods,  especially  by  means  of  in  vivo  microscopy. 

The  latter,  however,  iS  St  present  used  quite  insiafflclently 
for  these  purposes,  and- lags- far  behind  purely  physiologic, 
biochemical  and  pharmacolOglc  studies  of  this  problem. 

Continuing  his  cytologic . studies  Of  the  action  of  lo¬ 
cal  anessnetics,  along  with  his  associates,  Aleksandrov  has 
discovered  t.nat,  in  cells  of  the  isolated  cornea  kept  in 
Ringer ’£  solution,  following  exposure  to  novocaine,  fine  non- 
staining  inclusions  are  formed  which  are  reminiscent  of  the 
granules  of  vital  stains.  It  has  been  suggested  that  novo¬ 
caine,  and  possibly  cei’tain  other  alkaloids,  may  to  a  certain 
extent  behave  in  a  fashion  similar  to  the  basic  granular 
dyes.  Without  regard  to  the  correctness  of  this  supposition, 
the  .tact  iGselt  of  the  formation  of  visible  (in  vivo)  struc¬ 
tures  upon  exposure  to  novocaine  in  non-neural  cells  is  of 
considerable  interest  and  is  deserving  of  analysis,  to  which 
the  present  study  has  been  devoted, - 

It  appears  that  studies  have  not  been  made  for  compar¬ 
ing  the  behavior  of  vital  stains  with  the  effects  of  alkaloids 
On  the  cell.  However,  the  possibility  has  not  been  excluded 
that  the  formation  of  inclusions,  similar  to  those  noted  by 
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Aleksandrov,  Is  what  has  been  seen  by  authors  describing 
vacuolization  of  the  ctyoplasm  of  certain  protozoa  and  cells 
of  vertebrates  following  exposure  to  cocaine  (Schurmayer, 

I89O;  Korentschewsky,  1903;  Erllkh,  1911),  novocairiO  (Vol*- 
fenzon,  195^),  morphine,  conlne,  piperidine  (Heinz,  1890), 
and  other  substances.  The  majority  of  the  investigators 
mentioned  above  have  confined  themselves  to  statements  con¬ 
cerning  the  formation  of  vacuoles  and  have  not  attempted  to 
study  the  course  and  significance  of  this  process  any  fur¬ 
ther.  , 

Heinz  crushed  erythrocytes  of  the  frog  in  which  there 
were  vacuoles"  which  arose  following  exposure  to  alkaloids. 

In  this  process,  the  "vacuoles"  came  out  into  the  physiologic 
solution  but  i<ere  Immiscible  with  It.  On  this  basis,  the 
author  decided  that  they  are  rather  dense  formations.  In  ad¬ 
dition,  Heinz  applied  vital  stains  to  these  erythrocytes  and 
discovered  accumulations  of  dye  (Bismark  brown)  in  the  "vac¬ 
uoles"  and  In  the  nuclei. 

Materials  and  Methods 

The  present  study  was  rather  extensive,  due  to  which 
the  conditions  of  the  experiments,  the  objects,  and  the  agents 
tested  in  this  study  were  rather  diversified.  Therefore,  In 
the  present  section,  only  the  most  general  aspects  of  the 
methods  of  the  work  will  be  discussed.  Additional  descrip¬ 
tions  will  be  given  for  individual  series  of  experiments. 

The  formation  of  Inclusions  upon  exposure  to  novocaine  (in 
the  rest  of  the  text,  inclusions  engendered  by  exposure  to 
novocaine  will,  for  brevity's  sake,  be  called  "novocaine"  In¬ 
clusions,  those  formed  upon  exposure  to  quinine  will  be  cal¬ 
led  quinine  incluslonsj^  etc.  This  does  not  prejudge  the 
problem  of  the  Incorporal^lon  of  the  corresponding  alkaloids 
Into  the  composition  of  ihe  Inclusions  themselves)  was  stu¬ 
died  primarily  in  the  epithelium  of  the  cornea  and  of  the 
skin  of  the  frog,  Rana  temporaria  L.,  and  In  the  liver  cells 
of  the  white  mouse.  The  action  of  other  agents  (cocaine, 
morphine,  strychnine  nitrate,  quinine  hydrochloride  and 
quinine  sulfate,  qulnidlne  sulfate,  atebrln,  caffeine, 
albuclde,  sodium  norsulfazol  and  pipei’ldlne  tartrate)  was 
studied  with  the  use  of  frog  corneas „  In  other  experiments 
we  used  erythrocytes,  endothelium,  and  fibrocytes  from  the 
frog,  and  corneal  eplthellvim  of  the  mouse.  The  corneas  and 
livers  were  carefully  dissected  out  with  sharp  Instruments 
and  placed  In  Ringer's  solution  of  the  appropriate  composi¬ 
tion  (for  cold-blooded  or  warm-blooded  animals) .  With  the 
tissues  of  the  frog,  the  work  was  carried  out  at  a  tempera¬ 
ture  of  16  to  19  C;  containers  with  the  mouse  tissues  were 
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placed  in  the  oven  at  37°C,  and  only  at  the  time  of  prepara¬ 
tion  and  microscopic  examination  were  they  at  room  tempera¬ 
ture  , 

Ordinarily,  preparation  of  the  tissues  was  followed 
by  a  ”resV  (20  to  30  minutes)  for  the  isolated  tissues  in 
Ringer's  solution,  after  which  they  were  transferred  into 
Ringer's  solution  containing  novocalne  or  some  other  of  the 
test  agents*  Microscopy  was  carried  out  after  different 
periods  of ‘time,  but  usually  30  minutes  after  onset  of  ex¬ 
posure  to  the  agent*  Usually,  after  30  minutes  of  exposure 
to  the  substance,  ordinarily  at  high  concentrations,  the 
fragments  of  tissue  being  studied  were  transferred  into  pure 
Ringer's  solution  and -then  30  minutes  later  (or  at  some  other 
time),  were  again  studied  under  the  microscope  in  order  to 
determine  possible  reversibility  of  the  changes  evoked. 

Microscopy  and  documentation  of  the  observations  by 
drawings  were  carried  out  with  the  aid  of  a  drawing  appara¬ 
tus  with  a  magnification  of  about  600  times  (water  immer¬ 
sion  X  40  with  an  aperture  of  0.75  and  ocular  x  15).  In  a 
number  of  cases  we  applied  vital  staining  to  cornea  or  to 
parts  of  the  liver,  both  of  controls  and  of  tissues  subjected 
to  the  action  of  one  or  another  agents,  for  20  to  30  minutes 
in  0,02  percent  solution  of  neutral  red  in  Ringer's  solution 
without  soda.  Prior  to  microscopy,  the  stained  tissues  weie 
ordinarily  placed  for  20  to  30  additional  minutes  in  Ringer’s 
solution,  according  to  the  method  of  Aleksandrov  (1949). 

The  Effect  of  Novocalne  on  the  Cells  of  Isolated  Tissues 


Control  frog-  corneas,  not  exposed  to  the  action  of 
pharmacologic  agents,  were  studied  after  being  kept  for  def¬ 
inite  periods  of  time  in  Ringer's  solution.  For  microscopy 
of  the  corneas,  the 'latter  were  placed  in  a  drop  of  Ringer's 
solution  under  a  cover  slip  with  the  external  epithelium  up¬ 
permost,.  The  latter^? as  is  known,  is  a  multilayered  non- 
keratlnlzlng  tissue,/  At  places  on  the  very  surface  of  it, 
there  are  dead,  flat  cells  which  can  be  easily  recognized  by 
their  sharp  borders  and  their  clearly-structured  nuclei. 
Beneath  these  are  live  epithelial  cells:  one  to  two  layers 
of  flat  epithelial  cells,  then  tvjo  to  three  layers  of  prickle 
cells,  and  finally  a  basal  layer  of  tall,  prismatic  cells. 

The  cytoplasm  of  the  epithelium  during  the  first  two 
to  three  hours  of  incubation  in  Ringer's  solution  is  very 
translucent,  but  later  becomes  slightly  turbid.  We  could 
discover  no  structures  or  inclusions  in  it  under  our  condi¬ 
tions  of  study  even  with  prolonged  retention  (more  than  a 
day)  in  Ringer's  solution,  unless  one  Includes  fine,  scarc¬ 
ely  detectable,  lumlnlscent  granulations  in  the  superficial 
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•live  cells.  An  exception  are  the  cells  injured  by  the  diis“-i 
section,  in  the  ctyoplasm  of  Khich  there  may  be  a  in¬ 
clusions  v?hich  seen  to  be  of  a  vacuolar--  character. 

The  nuclei  in  the  cells  of  all  layers  arc  .'ry^i;  .Invis¬ 


ible,  with  the  exception  of  the 


those  injured  by  aissection. 


supemcia, 

V  t-  •?  4  ^  t  f 


iead  cells  and 

V/ith  vital  gtainlng,  nvavcrr^uo 
small  granulas  of  neutral  red  are  found  in  the  liver  suoer- 
ficial  and  in  the  prickle  cells  (Fig.  la),  while  in  the/ 
basal  cells  there  are  very  few  granules  (Fig.  lb).  The  re¬ 
gion  about  the  nucleus  does  not  contain  granules.  The  c.yto- 
plasm  and  the  nuclei  remain  practically  unstained.  About 
the  edge  of  the  section  the  cells  stain  diffus-jly  at  early 
stages  of  Injury 5  however,  after  being  placed  in  Ringer’s'' 
solution,  many  of  them  regain  their  capacity  to  concent  cate 
granules  of  the  dye,  the  granules'  in  this  case  being  conBi- 
derably  larger-  and  more  numerous  than  in  intact  cells. 


Pig.  1.  The  External  Eplthelioic  of  the  Frog  Cornea. 

a  --  precipitation  of  granules  of  dye  in  the  pblokie  cells 
(stained  with  0,025  percent  neutral  red  for  30  minutes);  b 
—  same  in  basal  cells;  c  --  precipitation  of  novocaine  in- 
cl-a&lons  in  prickle  cells  (exposure  to  an  0,25  percent  solu¬ 
tion  of  novocaine  for  30  minutes);  d  —  same  in  tVxe  baaal 
cells, 

When  we  placed  corneas  in  0.25  to  0.5  percent  solu¬ 
tions  of  novocaine,  within  ten  to  15  minutes  small  rouxid 
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Inclusions  appeared  in  the  epithelial  cells.  Like  the  gran¬ 
ules  of  dye,  these  were  formed  only  in  the  cytoplasm,  and 
were  more  numerous  in  the  flat  and  prickle  cells  and  less 
numerous  in  the  basal  cells  (Pigs,  Ic  and  d) .  In  the  latter 
they  may  be  distributed  in  groups  in  the  apical  zone  of  the 
cell,  but  more  frequently  are  found  in  the  edges,  away  from 
the  nucleus,  not  Infrequently  forming  what  appear  to  be 
rings  of  beads.  With  Increase  in  the  time  of  exposure  to 
novocaine  to  30  to  60  minutes,  the  nvimbSr  of  novocalne  in¬ 
clusions  Increased  somewhat  and  their  dimensions  likewise 
Increased, 

Upon  transferring  these  corneas  into  Ringer's  solu- 
tion>  the  number  and  size  of  the  Inclusions  Increased  slightly, 
especially  after  preceding  exposure  to  0.5  to  1  percent  solu¬ 
tions  of  novocalne,  but  there  were  no  important  changes  dur¬ 
ing  the  first  two  to  three  hours'  of  being  kept  in  the  pure 
solution. 

During  the  early  stages  of  development,  the  smaller 
novocaine  inclusions  conveyed  the  Impression  of  granules, 
whereas  the  larger  droplet  inclusions  looked  more  like  vac¬ 
uoles,  since  they  were  more  tr^ahslucent  than  the  cytoplasm. 
Upon  vital  staining  of  cells  with  novocalne  inclusions,  neu¬ 
tral  red  was  precipitated  within  these  inclusions,  which 
therefore  took  on  the  appearance  of  heavy  granules  of  the 
dye.  The  nucleus  and  cytoplaarnsjC^^h®  cells  did  not  stain, 
which  indicates  the'  absence  ofll^K#|^plflcant  changes  in 
the  direction  of  paranecro si other  hand,  this  was 
evidenced  by  other  experiment  s'‘ii»ii%ff’^t^  use  of  unstained 
preparations,  since  the  nuclei  and  nucleoli  even  in  0,25  to 
0,5  percent  solutions  of  novocalne  remained  unchanged  for 
a  period  of  one  to  one  and  a  half  hours,  as  a  rule. 

We  studied  the  effects  of  different  concentrations  of 
novocalne.  In  the  range  of  0,25  to  1  percent,  increases  in 
the  concentration  caused  a  gradual  Increase  in- the  rate  of 
appearance  of  the  inclusions  and  in  the  nximber  of  them  dur¬ 
ing  30  minute  periods  of  time  to  exposure  to  the  agent.  Al¬ 
though  at  the  lowest  concentrations,  the  formation  of  novo¬ 
caine  Inclusions  was  delayed,  nonetheless  keeping  the  cor¬ 
neas  for  many  hours  in  these  solutions  caused  a  marked  fill¬ 
ing  of  the  cells  with  gradually  enlarging  novocaine  inclus¬ 
ions  , 

The  effects  of  high  concentrations  of  novocalne  (2  to 
10  percent)  will  be  described  below.  The  epithelium  of  the 
frog  cornea  was  used  as  a  primary  object  of  study.  In  the 
whole  series  of  experiments  in  vitro,  we  were  able  to  con¬ 
vince  ourselves  that  similar  novocalne  inclusions  were  formed 
also  in  other  cells  —  in  erythrocytes,  flbrocytes,  macro¬ 
phages,  in  the  epithelium  of  Descemet's  membrane,  the  eplth- 


61 


ellum  of  the  skin,  and  in  the  parasympathetic  neurons  of  the 
frog,  as  well  as  in  the  corneal  eplthelltim  of  the  mouse.  In 
all  of  these  cases,  the  distribution  of  novocalne  inclusions 
very  closely  duplicated  the  picture  of  distribution  of  gran¬ 
ules  of  neutral  red. 

The  Action  of  Novocalne  on  Cells  in  Situ 

In  order  to  determine  whether  there  is  formation  of 
novocalne  inclusions  in  cells  in  situ,  we  arranged  experi¬ 
ments  on  Intact  frogs.  Initially,  the  appearance  of  typical 
novocalne  inclusions  could  be  seen  in  the  corneal  epithelium 
following  repeated  applications  of  drops  of  0.5  to  2  per¬ 
cent  solutions  of  novocalne  into  the  eyes  of  the  frogs  over 
a  period  of  an  hour.  The  other  eye  of  the  same  frogs  were 
used  as  controls  —  pure  Ringer’s  solution  was  applied  in 
drops;  no  Inclusions  were  seen  in  the  epithelium  of  the  con¬ 
trol  corneas. 

In  addition,  we  set  up  long-term  experiments  in  which 
the  frogs  were  kept  for  many  days  in  weak  (0,025  to  0.25  per¬ 
cent)  solutions  of  novocalne  in  tap  water.  Under  these  con¬ 
ditions  also,  the  characteristic  novocalne  Inclusions  ap¬ 
peared.  The  rate  of  their  formation  was  proportional  to  the 
concentration  of  novocalne.  Thus,  in  0.25  to  0.1  percent 
solution,  even  on  the  second  day  of  exposure  to  novocalne, 
abundant  large  novocalne  inclusions  appeared  in  the  epithel¬ 
ium  of  the  cornea  and  the  skin  of  the  natatory  membrane,  as 
well  as  in  the  erythrocytes.  In  0.025  percent  solution, 
after  40  hours  of  exposure  to  novocalne,  there  were  no  in¬ 
clusions  in  the  erythrocytes  and  only  a  few  in  the  cornea 
and  skin.  After  65  hours  there  were  a  few  more,  and  some  ap¬ 
peared  also  in  the  erythrocytes.  With  longer  periods  of  time 
in  0.025  to  0,05  percent  solutions  of  novocalne,  inclusions 
filled  the  epithelial  cells  of  the  cornea  and  skin,  became 
much  heavier,  especially  In  the  skin,  and  acquired  a  distlnc- 
tly  vacuolar  character.  In  this  stage,  the  cells  are  very 
reminiscent  of  those  described  by  Kamnev  (1933)  as  "stuffed" 
with  large  inclusions  of  neutral  red,  when  speaking  of  cells 
of  epithelium  exposed  to  prolonged  action  of  this  dye.  In 
erythrocytes,  the  small  novocalne  Inclusions  Initially  often 
fuse  into  a  single  large  vacuole  upon  prolonged  exposure  to 
the  agent.  In  the  later  stages,  novocalne  Inclusions  were 
found  also  In  the  endothelium  of  vessels.  At  concentrations 
of  0.01  percent  novocalne  In  water,  no  Inclusions  were  seen, 
even  after  two  weeks  of  keeping  the  frogs  in  the  solution. 

Experiments  on  the  effect  of  novocalne  in  vivo  showed 
that  even  marked  overdistention  of  the  epithelial  cells  with 
large  novocalne  inclusions  did  not  suppress  their  life  acti- 
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vity.  This  is  indicated  by  the  fact  that  the  nuclei  of  these 
cells  remain  invisible  in  the  living  preparation,  and  that 
upon  staining  with  neutral  red,  only  the  hovocaine  inclu¬ 
sions  take  up  the  dye,  whereas  the  cytoplasm  between  th6m 
and  the  nuclei  practically  does  not  stain  at  all*  Moreover, 
in  fresh  preparations  of  frog  skin  fixed  and  stained  in 
eosin-azure,  after  exposure  for  three  to  four  days,  to  0,05 
to  0,025  percent  solutions  of  npvocaine,  one  can  detect  mito¬ 
ses  in  markedly  vacuolated  cells  of  the  epidermis, 

ti*'  ■  .  .  ** 

The  Effects  of  Other  Substances  oh,. the  Isolated  f'rog  Cornea 

We  wanted  to  deterraino  how  specific  for  nbvocalne  is 
the  formation  of  the  unique  colorless  Inclusions,  In  con¬ 
nection  with  this,  we  studied  the  effect  on  the  frog  cornea 
of  a  number  of  other  pharmacologic  agents. 

It  turned  out  that,  in  0,01  to  0.25  percent  solutions 
of  strychnine,  numerous  Inclusions  are' formed  in  the  exter¬ 
nal  epithelium  and  in  DeScemetM  epithelium,  as  well  as  in 
the  flbrocytes  of  the  cornea  and  in  the  erythrocytes  of  the 
frog.  These  Inclusions  are,  altogether  similar  in  appearance 
and  dlstrlbutlpn-  to  novocalne  inclusions  and  to  granules  of 
neutral  red.  In  Weaker  concentrations  of  the  agent,  inclu¬ 
sions  are  precipitated  more  slowly  (in  0,01  to  0,05  percent 
solutions,  after  one  and  a  half  to  two  hours).  In  0,25  to. 
0,5  percent  solutions,  the  inclusions  are  larger  and  arise 
within  ten  to  15  minutes.  Their  number  increases  after  the 
corneas  are  kept  in  pure  Ringer's  solution. 

Strychnine  inclusions,  like  novocalne  inclusions, 
selectively  take  up  neutral  red  upon  vital  staining.  This 
gives  us  reason  to  suggest  that  the  increase  in  formation  of 
granules  of  neutral  red  In  the  first  phase  of  alteration  of 
the  epithelium,  described  by  Levin  (1951)  after  exposure  to 
0,2  to  0,3  percent  solutions  of  strychnine,  is  explained  not 
only  by  the  more  intensive  precipitation  of  newly -formed 
granules  of  dye,  but  also  by  the  staining  of  numerous  large 
strychnine  inclusions,  . 

Inclusions  which  are  indistinguishable  in  appearance 
from  novocalne  and  strychnine  inclusions  appear  in  the  eplth- 
ell\«n  and  flbrocytes  of  the  cornea  following  exposure  to 
quinine,  quinidlne,'  and  atebrln.  Quinine  and  atebrin  inclu¬ 
sions  appear  in  large  niombers  in  the  epithelium  within  30  to 
60  minutes  after  exposure  to  0.00}  to  0,005  percent  solu¬ 
tions  of  these  substances.  Hence,  the  threshold  for  the  for¬ 
mation  of  Inclusions  is  5  to  10  times  less  for  quinine  and 
atebrln  than  for  novocalne.  Ah  increase,  within  certain  lim¬ 
its,  of  the  time  of  exposure  or  of  the  concentration  of  these 
agents  is  accompanied,  Just  as  in  the  case  of  novocalne,  by 
an  increase  in  the  number  and  size  of  the  Inclusions,  upon 


63 


which  they  acquire  a  large  vacuolar  appearance. 

With  cocaine  (O.l  to  0,5  percent)  and  morphine  (0,1 
to  0,5  percent)  we  ran  only  a  few  experiments,  in  which,  in 
the  cytoplasm  of  different  cells  of  the  cornea,  we  noted  the 
formation  of  characteristic,  colorless  inclusions  which  were 
quite  similar  to  the  novocalne,  strychnine,  quinine,  qulnl- 
dlne,  and  atebrin  inclusions. 

In  addition,  a  number  of  the  tested  substances  (O.l 
to  0.5  percent  caffeine,  0.2  to  2  percent  albuclde,  0*1  to 
10  percent  sodium  norsulfazol,  0,1  to  1  percent  piperidine) 
in  these  concentrations  did  not  cause  the  formation  of  any 
inclusions  in  the  cells. 

These  findings  incidate  that  novocalne  and  a  number 
of  other  alkaloids  induce  the  appearance  of  similar  granular 
and  vacuolar  inclusions  in  different  ceils  which  resemble 
in  appearance  the  granules  of  vital  dyes. 

In  the  course  of  the  experiments  we  also  accumulated 
some  facts  which  indicate  that  this  similarity  is  apparently 
not  superficial,  but  is  due  to  a  certain  commonality  of  mech¬ 
anisms  of  formation  of  inclusions  of  one  or  another  type. 

Remarks  Concerning  the  Similarity  of  the  Formation  of 

Novocalne  and  Other  Alkaloid  Inclusions  to  the  "" 
Inclusions  of  the  Basic  Granular  Dyes 

It  has  been  shown  (Yasvoln,  1925;  Nasonov,  1926; 
Kryukova,  1929,  and  others)  that  granules  of  the  basic  vi¬ 
tal  dyes  are  precipitated  in  the  area  of  the  Golgi  appara¬ 
tus,  The  constant  similarity  of  the  localization  in  dif¬ 
ferent  cells  of  novocalne  and  other  alkaloid  inclusions  to 
the  localization  of  granules  of  neutral  red  compels  us  to 
believe  that  the  alkaloid  inclusions  also  are  precipitated 
in  the  area  of  the  reticular  apparatus.  However,  in  the  cells 
with  which  we  experimented  (corneal  epithelium,  epithelium 
of  the  skin,  fibrocytes,  and  erythrocytes)  it  was  difficult 
to  deteimilne  whether  there  was  a  connection  between  the  in¬ 
clusions  and  the  reticular  apparatus,  since  the  elements  of 
the  latter  are  rather  diffusely  distributed  in  these  cells, 

A  suitable  study  object  for  a  solution  of  this  probr- 
lera  is  the  liver  cell,  in  which  the  elements  of  the  appara¬ 
tus  are  very  regularly  oriented  about  the  edges  of  the  cell 
along  the  bile  capillaries  (Nasonov,  1926,  Makarov,  1926, 

1931 ) , 

In  our  experiments  the  liver  of  a  mouse  was  sectioned 
into  small  portions.  One  or  two  portions  served  in  each  ex¬ 
periment  as  a  control  and  were  studied  without  staining  or 
after  staining  with  0,025  percent  neutral  red.  Other  por¬ 
tions  were  exposed  to  novocalne  (0.2  to  0.5  percent).  For 
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‘microscopy,  we  prepared  fine  sections  from  the  control  and  I 
from  the  experimental  portions,  with  the  aid  of  a  sharp 
razor  which  we  then  placed  In  Ringer's  solution  under  a 
cover  slip . 

Studies  of  the  control  material  showed  that  the  nu¬ 
clei  of  undamaged  liver  cells  are  scarcely  detectable, 
whereas  fine  mitochondria  are  visible  in  the  cytoplasm. 
Sometimes  the  cells  are  found  to  contain  different  inclu¬ 
sions,  particularly  fatty  (shining)  inclusions.  Mice  in 
■  the  livers  of  which  there  were  many  such  irrelevant  Inciu-  ' 
sions  were  excluded  from  the  experiment. 


Pig,  2,  Liver  Cells  of  the  Mouse 

a  —  precipitation  of  granules  of  dye  along  the  course  of 
the  bile  capillaries  (stained  with  0,025  percent  neutral 
red  for  30  minutes);  b  —  precipitation  of  novocalne  along 
the  course  of  bile  capillaries  (effects  of  0,2  percent  no¬ 
vocalne  over  a  30  minute  period) , 

In  the  cells  of  the  mouse  liver,  granules  of  neutral 
red  are  precipitated  primarily  along  the  edges  In  the  area 
of  distribution  of  the  reticular  [Golgi]  apparatus.  (Pig, 
2a),  Exposure  of  pieces  of  liver  to  0,2  to  0,5  percent  so¬ 
lutions  of  novocalne  in  Ringer's  solution  causes  the  for¬ 
mation  of  turbid,  slightly  yellowish-rose  Inclusions  very 
similar  to  granules  of  dye,  which  are  also  distributed  pri¬ 
marily  in  the  areas  of  localization  of  the  Golgi  apparatus 
(Fig,  2b),  In  weaker  concentrations  of  novocalne,  numer-- 
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ous  small  inclusions  were  formed,  whereas  with  higher  con-  ' 
centratlons  (0,5  percent)  the  inclusions  were  larger  and 
fewer. 

On  the  basis  of  our  experiments  with  liver  cells 
there  is  reason  to  believe  that  the  similarity  of  distri¬ 
bution  of  the  granules  of  the  dye  and  of  novocaine  inclu¬ 
sions  in  different  cells  is  not  accidental  and  depends  on 
the  formation  of  one  or  the  other  of  these  in  the  area  of 
the  reticular  apparatus.  This  is  a  fundamental  argument  in 
favor  of  a  definite  analagy  between  novocaine  and  granules 
of  dye , 

A  characteristic  features  of  the  granules  of  vital 
dyes  is  that  they  are  precipitated  only  in  intact  or 
slightly  damaged  cells.  With  certain  degrees  of  Injury 
(paranecrosis)  and  also  after  death  of  the  cells,  granule 
deposition  did  not  occur  (Nasonov  and  Aleksandrov,  1930) , 

In  connection  with  this,  considerable  interest  attaches  to 
the  deposition  or  precipitation  of  novocaine  and  other  alk¬ 
aloid  inclusions  in  severely  injured  or  dying  cells. 


Fig,  3.  Liver  Cells  of  the  Mouse  Heated  for  Five  Minutes 
at  46^0 . 

a  — diffuse  staining  of  nuclei  and  cytoplasm  (stained  with 
0.025  percent  neutral  red  for  a  period  of  30  minutes)}  b  — 
absence  of  precipitation  of  novocaine  inclusions  (exposure 
to  0,2  percent  novocaine). 

As  early  as  the  first  experiment  on  mouse  liver,  we 
noted  that  novocaine  inclusions  did  not  form  along  the  re¬ 
gion  of  the  cut,  where  cells  were  noted  to  have  clearly- 
structured  nuclei  and  a  txirbld,  gelatinized  cytoplasm  and, 
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upon  staining,  gave  a  picture  of  paranecrosis.  ! 

Later,  in  a  number  of  experiments,  we  were  able  to 
show  that,  upon  staining  cells  of  the  liver  with  neutral 
red  after  a  five  minute  heating  at  46^0,  the  dye  is  distri¬ 
buted  diffusely  in  the  cytoplasm  ani stains  the  nuclei  of 
the  cell  (Pig.  3a) .  In  accordance  with,  this,  in  these  in¬ 
jured  cells  there  was  a  marked  suppression, .and  even  an 
absence,  of  the  formation  of  novocaine  inclusions  (Fig.,  3b). 

A  similar  suppression  of  the  formation  in'  liver  cells 
both  of  granules  of  neutral  red  and  of  novocaine  inclusions 
can  be  achieved  by  diluting  the  ‘Ringer’s  solution  four  times. 
Upon  doing  this,  the  liver  cells  swell  up  slightly,  their 
cytoplasm  becomes,  more  granular  and  slightly  turbid,  and 
the  nuclei  acquire  a.  very  distihctlve  structure.  With  vi¬ 
tal  staining,'  both  the  cytoplasm  and  the  nuclei  stain  dif¬ 
fusely. 

It  is  also  known  that  more  concentrated  so3.utions  of 
granular  dyes  themselves  supphess  granule  formatloni  hence, 
with  increases  in  concentration,  their  toxic  effects  are 
intensified.  In  this  respect,  we  also  noticed  a  similarity 
in  the  behavior  of  granular  dyes  and  novocaine. 


Fig,  4,  The  Basal  Epithelium  of  the  Prog  Cornea 

a  —  15  minute  exposure  to  six  percent  hovocainef  the  char¬ 
acteristic  novocaine  Inclusions  are  missing,  and  nuclei  and 
nucleoli  are  visiblei  b  —  same  preparation  after  two  hours 
of  being  kept  in  Ringer’s  aolutlonj  the  nuclei  again  have 
ceased  to  be  discernible,  and  nvunerous  novocaine  inclusions 
have  formed;  c  —  the  same  preparation  stained  with  0.025 
percent  neutral  red  after  "reversing”;  the  cytoplasm  and 
nuclei  do  not  stain,  but  dye  accumulates  In  the  novocaine 
inclusions. 

It  has  been  mentioned  above  that  an  Increase  in  the 
concentration  of  vovocaine  to  one  percent  causes  an  inten¬ 
sification  of  precipitation  of  novocaine  Inclusions  upon  30 
minutes  of  exposure  of  the  cornea  to  this  concentration. 
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However,  more  concentrated  solutions  of  novocalne,  such  as 
two  percent  and  especially  four  to  ten  t)ercent,  quickly  cause 
damage  to  the  cells  and,  simultaneously,  markedly  suppress 
the  formation  of  novocalne  inclusions  (Fig,  4a).  Injury  of 
cells  is  exhibited  primarily  in  the  appearance  of  hitherto 
indiscernible  nuclei  and  nucleoli  which,  as  is  known,  is 
one  of  the  ^gns  of  paranecrosis.  The  ctyoplasm  becomes 
slightly  tui>bldi ,  In  a  two  percent  solution  of  novocalne, 
these  changes  fehise  within  30  minutes.  Prior  to  this  time, 
a  certain  number  of  inclusions  may  be  formed,  which  ordinarily 
have  the  shape  of  large  vacuoles;  however,  their  nximber  and 
size  do  hot  further  increase. 

With  increases  in  concentration  of  novocalne,  the  "ap¬ 
pearance"  of  nuclei  comes  on  more  quickly:  in  flveto  six 
percent  solution  they  are  readily  visible  within  lo  to  15 
minutes  after  onset  of  exposure  to  the  anesthetic,  and  in 
10  percent  solution  wlthl  five  to  eight  minutes.  Accordingly, 
in  5  to  10  percent  solution  there  is  a  more  marked  suppres¬ 
sion  of  the  formation  of  novocalne  inclusions,  which  in  many 
experiments  were  absent  almost  altogether.  The  effect  of 
suppression  is  sometimes  more  marked  in  the  deeper  layers  of 
the  epithelium,  especially  in  the  basal  layers. 

Changes  in  the  cells  upon  exposure  to  5  to  10  percent 
solutions  of  novocalne  are  reversible  if  the  exposure  is  not 
prolonged,  that  is,  there  is  paranecrosis  but  not  death  of 
the  cells.  This  la  evidenced  by  the  fact  that,  if  corneas 
are  kept  for  one  or  more  hours  in  Ringer's  solution  after 
being  exposed  for  15  to  30  minutes  to  a  four  to  six  percent, 
or  eight  minute  to  10  percent,  solution  of  novocalne,  the 
nuclei  and  nucleoli  again  become  indiscernible,  the  cyto¬ 
plasm  becomes  less  tui’bld.  and  numerous  novocalne  inclusions 
are  formed  in  it  (Fig,  4b) ,  These  inclusions  are  frequently 
very  large  and  have  the  form  of  droplets.  Staining  of  these 
rested"  corneas  Indicates  the  absence  of  paranecrosis:  the 
nuclei  and  cytoplasm  do  not  stain,  and  the  dye  is  concentra¬ 
ted  in  the  novocalne  inclusions  (Fig.  4c). 

In  certain  experiments  it  was  possible  to  observe 
suppression  of  the  formation  of  novocalne  Inclusions  in  solu¬ 
tions  of  high  concentration.  The  same  thing  happened  in 
mouse  liver  cells  and  in  frog  erythrocytes.  In  these  cases, 
suppression  was  accompanied  by  the  "appearance"  of  the  nu¬ 
clei. 

Certain  findings  on  the  effects  of  high,  toxic  concen¬ 
trations  were  obtained  for  a  number  of  other  alkaloids. 

Thus,  a  30  to  50  minute  exposure  to  0,75  percent  to  1  per¬ 
cent  solutions  of  strychnine  caused  rounding  up  of  epithelial 
cells  and  "appearance"  of  their  nuclei,  and  considerably  sup¬ 
pressed  the  formation  of  strychnine  inclusions.  In  0,5  per- 
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cent  solution,  this  occurred  after  one  and  a  half  to  two 
hours  and  was  less  pronounced. 

An  inhibitory  influence '<of  sufficiently  high  concen¬ 
trations  on  the  formation  of  inclusions  was  observed  also  in 
the  case  of  moi^hlne  (one  percent)  and  quinidlne  (0.1  percent). 
Timely  transfer  of  corneas  exposed' to  these  agents  into  pure 
Ringer ‘s  solution  was  likewise  accompanied  by  disappearance 
of  visible  structurization  of  nuclei  and  by  the  development 
of  numerous  inclusions. 

The  localization  of  novocaine  inclusions  in  the  area 
of  the  Golgi  apparatus  and  the  reversible  suppression  of 
their  formation  upon  profound  injury  of  cells  strengthened 
our  initial  impression  of  the  similarity  of  the  behavior  in 
cells  of  novocaine  (and  apparently  a  h\Amber  of  other  alkal¬ 
oids)  to  the  behavior  of  the  basic  granular  dyes.  However, 
because  of  the  absence  of  color  of  these  agents,  we  were  un¬ 
able  to  demonstrate  whether  they  accumulated  within  the  in¬ 
clusions  as  did  t%  granular  dyes.  For  a  solution  of  this 
problem  We  took  advantage  Of  the  natural  fluorescence  of 
quinine,  quinidlne i  and  atebrin.  The  distribution  of  these 
agents  in  the  cell  was  studied  with  the  aid  of  fluorescent 
microscopy,  using  the  system  of  Ye.  M.  Bmimberg,  The  mic¬ 
roscope  MBI-1  was  fitted  with  a  lens  01-1?  and  with  an  il¬ 
luminating  so\irce  QI-18,  or  with  a  more  powerftil  source  of 
light  --  the  SVDSH-P50  bulb.  Observations  were  carried  out 
using  incident  light,  either  in  short  blue  rays  (filter  PPn 
with  a  maximum  filtration  in  the  area  of  4oo  millimicrons)'^ 
or  in  long  untravloiet  rays  (filter  UPS3  with  a  maximum  fil¬ 
tration  in  the  area  of  36O  mlllimlcronsj .  In  working  with 
the  filter  PPj^  we  used  a  protective  filter  P-2N,  and  when 
using  the  filter  UPS3,  we  used  a  protective  filter  ZhPj^g. 

In  studying  quinine,  quinidlne,  and  atebrin  inclusions 
under  fluorescent  microscopy,  we  discovered  a  selective 
fluorescence  of  inclusions,  whereas  the  cytoplasm  and  nuclei 
were  practically  devoid  of  luminescence.  Fluorescence  of  the 
inclusions  corresponds  in  color  and  intensity  with  the  fluor¬ 
escence  of  solutions  of  the  respective  agents  in  Ringer’s 
solution,  .  Thus,  a  very  sharp  fluorescence  of  a  yellowish- 
green  hue  is  characteristic  both  for  solutions  of  atebrin 
and  for  "atebrin”  inclusions,  in  studies  carried  out  with 
the  PPi  filter  and  the  protective  filter  P-2N.  In  studies 
with  the  UPSo  filter  and  the  protective  filter  ZhSng#  fluor¬ 
escence  in  both  instances  has  a  bluish-green  color. 

Quinine  and  quinidlne  inclusions  fluoresce  less  brightly 
and,  hence,  it  is  expedient  to  use  a  more  powerful  light  source 
--  the  S'VESH  —  250  bulb.  Under  these  conditions,  the  quin¬ 
ine  inclusions  give  a  -bright  blue  Ivunlnescence  with  the  UPSq 
filterj  a  similar  fludrescence  was  detected  in  solutions  of^ 
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similarity  in  the  morphology  of  granular  and  vacuolar  in¬ 
clusions  formed  upon  exposure  to  novocalne,  quinine,  and 
certain  other  alkaloids  to  the  granules  of  dye;  (2)  the 
development  of  each  of  these  in  the  region  of  the’  Golgi  ap¬ 
paratus;  (3)  suppression  of  precipitation  both  of  "alkaloid" 
inclusions  and  of  grariules  of  dye  following  a  certain  de¬ 
gree  of  injury  to  the  cells;  (4)  a  selective  accumulation 
of  q\ilnlne,  quinldlne,  and  atebrin  in  the  Inclusions, 

At  first  fiance,  a  simllarity  ..ln  the  behavior  within 
the  cell  of  such  different  substances  as  novocalne  and  cen¬ 
tral  red  may  seem  highly  improbable.  However,  NasonQV  (' 1*923, 
1926,  1928),  Yasvoin  (1925),  Veyner  (1928),  MakaroV;  :(l93i) 
and  others  have  shown  that  various  substances  —  water,  Se¬ 
cretion,  fat,  certain  basic  dyes,  and  iron .  salts.,.--?  Way  be 
incdrporated  in  the  cytoplasm  in  the  form  iof  inclusions. 

It  is  noteworthy  that  in  all  these  cases. the  inclusions  are 
formed  in  the  region  of  the  Golgi  apparatus  which  is,  accor¬ 
ding  to  Nasonov,  the  secretory  organoid  of  the  cell.  Accor¬ 
ding  to  Pel’dman  (1947),  the  incorporation  of  various  sub¬ 
stances  in  the  form  of  inclusions  in  the  region  of  the  Golgi 
apparatus  is  based  upon  a  common  coacervatlon  mechanism; 
with  respect  to  the  dyes,  he  has  been  able  to  demonstrate 
this  in  model  experiments.  It  is  of  interest  that  novocalne, 
strychnine,  and  quinine,  in  the  model  experiments  of  Bungen- 
berg  de  long  (cited  by  Pel'dman,  1947),  also  formed  coacer- 
vates, 

It  is  therefore  possible  that  the  alkaloid  inclusions 
which  we  studied.  Just  like  the  granules  of  direS,  are  coacer- 
vates  within  the  cytoplasm. 

Of  course,  the  present  work  does  not  give  us  reason 
to  state  that  the  inclusions  which  we  studied  are  altogether 
comparable  to  the  granules, of  dye  in  significance  or  with 
respect  to  the  mechanism  of  their  formation.  Thus,  for  .ex¬ 
ample,  the  accumulation  of  alkaloids  in  the  inclusions  has 
been  demonstrated  only  in  the  case  of  the  fluorescing  agents. 
The  absence  of  typical  substrate  in  the  "old"  novocalne  in¬ 
clusions  testifies  to  the  possibility  of  a  number  of  differ¬ 
ences  in  specific  processes  occurring  upon  the  formation  of 
alkaloid  Inclusions  and  of  granules  of  dye. 

Nonetheless,  the  above  mentioned  facts  give  us  reason 
to  assume  the  possibility  that  there  is  precipitation  of  alk- 
aloida^ 4n  the  region  of  the  Golgi  apparatus.  In  any  case, 
such  an  Iritjerpretation  may  now  be  adopted  as  a  working  hypo¬ 
thesis  for  fiXpther  analysis  of  the  distribution  of  different 
pharmacologic  agents  within  cells. 
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Conclusions 


1,  Novocalne,  cocaine,  strychnine,  morphine,  quin¬ 
ine,  qulnldlne,  and  atehrln.  In  definite  ranges  of  concen¬ 
tration,  induce  the  formation  of  colorless  inclusions  In  the 
cytoplasm. 

2*  These  inclusions  are  superficially  reminiscent  cf 
t]ie  granules  of  vital  d5’'es  and  show  a  member  of  similar 
traits:  they  also  are  formed  in  the  region  of  the  Golgi  ap¬ 
paratus,  their  deposition  is  Inhibited  by  Influences  which 
cause  profound  paranecrosis  or  death  of  the  cells.  For 
fiubresclhg  agents  (quinine,  qulnldlne,  atebrln) ,  we  were 
also  able  to  demonstrate  the  accumulation  of  these  agents 
within  the  inclusions. 

3.  The  significance  of  this  process  may  consist  in 
the  Intracellular  elimination  of  harmful  agents.  This  pro¬ 
position  is  in  agreement  with  ideas  concerning  the  protec¬ 
tive  Importance  for  the  cell  of  granular  precipitation  of 
dyes  and  with  ideas  concerning  the  secretory  functions  of 
the  Golgi  apparatus. 
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Intravltal  Changes  of  Nerve  Cells  In  the  Intact  Organism 
Under  the  Influence  oT  Novocain  ~  ~ 


M,  V.  Makhover 

The  Department  of  General  Biology  of  the  Leningrad  Sanita¬ 
tion  and  Hygiene  Medical  Institute 

The  present  work  Involved  studies  utilizing  the  method 
of  intravltal  staining  for  the  detection  of  changes  occurring 
under  the  Influence  of  novocain  in  nerve  cells  and  other  ani¬ 
mal  cells,  Intravltal  staining,  as  has  been  shown  by  a  num¬ 
ber  of  studies  (See  Nasonov  and  Aleksandrov,  1940;  Nasonov, 
1959),  affords  us  the  possibility  of  appraising  changes  in 
the  protoplasm  which  are  not  detectable  by  the  methods  of 
cytologic  analysis,  Intravltal  staining  may  be  used  not  only 
for  isolated  organs  and  tissues  but  also  for  the  entire  or¬ 
ganism. 


Methods 

The  studies  were  carried  out  on  male  autumn-winter 
frogs  and  on  white  mice,  Intravltal  changes  under  the  influ¬ 
ence  of  novocain  were  studied  in  cells  of  the  sympathetic 
nerve  chain,  liver,  ^d  kidneys,  and,  in  frogs,  in  the  para¬ 
sympathetic  cells  of  ^he  heart,  as  well. 

Prior  to  the  experiment,  the  animals  were  weighed  and 
then  injected  with  a  ^ho  percent  solution  of  neutral  red, 
calculated  for  a  dosa^b  of  0,3  to  0,5  mg  of  dry  dye  per  gram 
of  body  weight  of  the  animals  (for  mice  this  was  0,3  milli¬ 
grams),  Control  animals  were  given  only  the  dye,  experimen¬ 
tal  animals  were  prell|tinarlly  injected  with  novocain,  either 
into  the  body  cavity  or  into  the  lymph  sac.  Experiments  to 
determine  the  effect  of  each  dose  were  set  up  on  five  to  ten 
animals.  An  hour  and  a  half  after  the  injection  of  novocain, 
the  animals  were  autopsled  and  the  organs  of  Interest  removed 
from  them.  Isolation  of  the  heart  was  effectuated  by  the 
method  of  M,  I.  Grimenitskly  (1939).  For  studies  of  such 
organs  as  the -liver  and  kidney,  small  sections  were  taken 
from  them  which  were  then  placed  in  a  drop  of  Ringer's  solu¬ 
tion,  covered  with  a  cover  slip,  and  viewed  under  the  micros¬ 
cope,  Part  of  the  animals  were  kept  as  controls  for  determin¬ 
ation  of  reversibility  and  for  studies  of  the  ensuing  changes 
in  the  distribution  of  the  dye. 

Experiments  on  Frogs 

Control,  After  the  administration  of  one  percent  solu- 
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itlon  of  neutral  red,  a  normal  picture  of  Intravital  stain-  i 
ing  Has  observed  in  the  nerve  cells  being  studied  (Pig.  laj 
2a).  In  the  cytoplasm  there  appeared  a  large  nn^mber  of  uni¬ 
formly  distributed  orange-red  granules  of  dye  which  surroun¬ 
ded  the  area  of  the  colorless  nucleus.  The  nucleolus  in 
the  majority  of  cases  could  not  be  detected.  The  Injection 
of  the  dye  showed  no  effects  on  the  behavior  of  the  animals. 

Twenty  to  30  minutes  after  the  injection  of  neutral 
red,  weak  staining  of  the  cytoplasm  could  be  detected  in 
the  cells  of  the  sympathetic  nerve  chain,  and  a  more  dis¬ 
tinct  staining  in  the  cells  of  the  spinal  ganglia) .  The 
area  of  the  nucleus  could  not  be  made  out.  Beginning  to 
50  minutes  after  the  injection  of  neutral  red,  there  first 
appeared  very  fine,  then  larger  granules.  By  80  to  90  min¬ 
utes,  the  area  of  the  colorless  nucleus  was  clearly  defined. 


Pig.  1,  Cells  of  the  Sympathetic  Nerve  Chain  of  the  Prog 
(intravital  staining  with  neutral  red). 

a  --  control,  b  —  minimum  paranecrotic  dose  of  novocain, 
c  —  minimum  lethal  dose  <3f  novocain,  d  —  lethal  dose  of 
novocain. 

After  this,  autopsy  of  frogs  was  carried  out  regu¬ 
larly  every  twenty-four  hours.  The  last  group  of  frogs  was 
autopsied  10  days  after  injection  of  the  dye.  In  the  hep- 
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atic  cells  and  in  the  cells  of  the  renal  tubules,  clearly  de¬ 
fined  granules  could  be  seen  throughout  the  course  of  the  en¬ 
tire  experiment.  The  brain,  which  initially  stained  with  an 
orange-red  hue*  with  granules  concentrated,  in  definite  areas 
of  the  cells,  acquired  a  raspberry  color  by  48  hours  in  a 
ntunber  of  cases.  By  the  eighth  to  tenth  day  the  cerebral 
cortex  was  staiped  a  weakly  orange-red  hues  Microscopic  ex¬ 
amination  of  the  cerebral  hemispheres  showed  rather  n\imer- 
ous  orange-red  granules.  In  the  spinal  cord,  the  staining 
of  which  was  considerably  less  Intense  than  that  of  the 
brain,  clear  granules  could  be  seen  by  the  seventh  to  tenth 
day.  In  the  motor  celia,  these  granules  were  not  large  and 
were  concentrated  primarily  at  the  periphery  of  the  cells. 

In  the  cells  of  the  sympathetic  nerve  chain,  gran- 
\xles  could  be  seen  for  as  long  as  six  days.  By  the  seventh 
to  tenth  day,  distinctive  granules  could  no  longer  be  seen 
in  some  cells  and  the  staining  was  a  raspberry  color.  In 
the  spinal  ganglia,  this  picture,  at  the  same  date,  was  seen 
primarily  in  the  small  cells.  In  the  larger  cells  the  gran¬ 
ules  were  still  clearly  visible.  It  should  be  noted  that, 
in  some  cells,  faintly  staining  nucleoli  could  be  discerned 

in  colorless  nuclei,  ,y- . 

Prom.^^.h^;>,epn,,.sai^J^^^  that,  in  cold¬ 
blooded  of  Intravital  stain¬ 
ing  may  be  experiments. 

Morphological  Changes  in  Nerve  Cells  Under  the  Influ¬ 
ence.  of  novocain,  ¥e  studied  the  changes  of  Intravital" stain 
Ing  in  the  presence  of  ;  minimum  narcotic,  minimum  paranecrotic 
and  mlnlmtun  lethal  doses  of  novocain.  As  the  minimum  nar¬ 
cotic  dose  we  used  a  dose  which  would  cause  a  state  of  narco¬ 
sis  lasting  from  20  to  4o  or  45  minutes,  A  paranecrotic  dose 
was  considered  one  which  would  lead  to  deviation  from  the 
normal  picture  of  intravital  staining.  Finally,  a  minimum 
lethal  dose  was  taken  to  be  a  dose  which,  in  the  presence 
of  a  prolonged  narcotic;  state,  was  accompanied  by  more  marked 
disturbance  of  the  cells  and  would  lead  to  death  in  about  50 
percent  of  the  experimental  animals. 

The  experiments  showed  that  novocain,  beginning  with 
0,17  milligrams  per  gram  of  body  weight,  causes  general  nar¬ 
cosis  of  frogs;  this  dose,  therefore,  was  used  as  the  minimum 
narcotic  dose.  Forty  to  50  minutes  after  the  injection  of 
novocain,  we  observed  restoration  of  functions  in  frogs, 
with  the  corneal  reflex  being  the  first  to  be  restored, 
Mici?oscopic  studies  of  nerve  cells  showed  that  minimum  nar¬ 
cotic  doses  did  not  cause  any  changes  in  them.  The  injec¬ 
tion  of  0,33  wg.  to  0,66  mg,  of  novocain  per  gram  of  body 
weight  of  the  animals  produced  similar  results. 

Doses  of  novocain  equal  to  0.9  and  1  mg,  per  gram  of 
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'body  weight  of  the  animals  may  be  considered  minimum  paran** 
ecrotic  doses*  Upon  exposure,  to  these  doseB>  the  cytoplasm 
of  the  cells  of  the  sympathetic  nerve  chain  stains  a  pale 
rose  color,  and  there  are, two  or  three  rows  of  red-orange 
granules  surrounding  a  colorless  nucleus  and  a  clearly  vis¬ 
ible  nucleolus  (Pig.  lb). 
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Pig.  2,  Sensory  Cells  of  the  Spinal  Ganglia  of  Progs 
travital  staining  with  neutral  red) , 


Designations  the  same  as  in  Pig,  1. 


(in- 


In  the  cells  of  the  spinal  ganglia  under  the  same  con¬ 
ditions,  we  detected  intense  granule  formation.  The  area  of 
distribution  of  the  nucleus  appeared  as  a  colorless  spot. 

In  the  smaller  cells  of  the  ganglia,  the  contours  of  the  nu¬ 
cleus  and  nucleolus  were  more  distinct  (Pig.  2b).  As  to  the 
parasympathetic  cells  of  the  heart,  deviations  from  normal 
of  these  cells  appeared  only  in  the  fact  that  the  colorless 
nucleus  and  nucleolus  were  more  distinct. 

A  dose  of  novocain  of  1,3  mg,  per  gram  of  body  weight 
of  the  animal  proved  to  be  a  minimum  lethal  dose.  An  hour 
and  a  half  after  the  injection  of  this  solution,  and  also  up¬ 
on  raising  the  dose  to  1,6  mg.  (the  latter  causes  death  in 
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frogs),  granule  formation  in  all  types  of  cells  studied  was 
not  completely  suppressed.  In  the  cells  of  the  sympathetic 
chain,  a  very  small  number  of  granules  of  the  dye  formed  a 
corona  around  the  faintly  stained  nucleus  containing  an 
easlly-distlngulshable  nucleolus  (Fig,  Ic),  In  the  sensory 
cells  of  the  spinal  ganglia,  large  numbers  of  heavy  granules 
were  concentrated  In  the  central  portion  of  the  cell.  The 
nucleus,  nucleolus,  and  cytoplasm  were  faintly  stained  (Fig, 
2c),  In  the  parasympathetic  cells  of  the  heart  there  was  a 
slight  diminution  In  the  number  of  the  granules.  The  nucleus, 
nucleolus,  and  cytoplasm  'Were  only  faintly  stained.  The 
neutral  red  took  on  a  raspberry  hue,  which  testifies  to  the 
shift  of  the  reaction  to  the  acid  side. 

With  lethal  doses  of  novocain  (3»3  mg.  per  gram  body 
Weight  of  the  animal),  the  color  of  the  cells  of  the  sympa¬ 
thetic  chain  was  a  brick  red,  and  the  nucleus,  which  was  sur¬ 
rounded  by  a  non-stalnlng  zone,  was  clearly  structured  (Pig. 
Id)* 

The  nucleus  was  bright  red.  In  the  spinal  ganglia 
the  color  of  the  cells  was  brick  red,  but  less  intense  than 
in  the  chain.  Granules  were  absent,  the  nucleus  was  struc¬ 
tured,  and  the  nucleolus  could  not  be  seen  (Fig,  2d). 

The  absence  of  deviations  from  normal  in  the  nature 
of  the  Intravital  staining  in  the  presence  of  minimum  nar¬ 
cotic  concentrations  of  novocalne  confirms  the  Idea  that 
narcosis  of  highly  developed  organisms  is  not  accompanied  by 
morphologic  changes  in  the  nerve  cells  (Makarov,  1938). 

It  may  also  be  regarded  as  established  that  the  dif¬ 
ferent  types  of  cells  which  we  studied  react  differently  to 
novocain.  The  most  sensitive  are  cells  of  the  sympathetic 
chain,  then  the  cells  of  the  spinal  ganglia,  and  finally  the 
parasympathetic  cells  of  the  heart. 

Experiments  on  White  Mice 

Control ,  It  should  be  remarked  that  some  of  the  sam¬ 
ples  of  neutral  red  proved  to  be  toxic  for  white  mice.  In 
the  case  of  non-toxic  dyes,  the  mice  readily  tolerated  the 
injection  of  a  saturated  solution  (about  two  percent). 

In  this  series  of  experiments  we  also  determined  how 
long  the  neutral  red  is  retained  in  the  organism  of  the  mouse. 
On  the  basis  of  our  observations  it  may  be  stated  that,  an 
hour  and  a  half  after  Injection  of  the  dye,  the  organs  may 
be  arranged  in  the  following  sequence  with  respect  to  the  in¬ 
tensity  of  their  staining;  liver  >  kidney  >  spinal  ganglion  )> 

)>  cells  of  the  sympathetic  nerve  chain  )>  brain  )>  spinal  cord. 
After  24  hours,  dye  is  still  present  In  the  liver  and  kidneys, 
but  there  Is  a  slight  diminution  in  the  staining  of  cells  of 
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the  ganglia,  and  the  spinal  cord  is  colorless,  A  reddish- 
yellow  tint  is  retained  in  some  parts  of  the  brain.  Forty- 
eight  hours  after  injection  of  the  dye  the  liver  is  still 
Intensely  stained,  the  cells  of  the  kidneys  are  much  less 
intensely  ptalnedj  granules  of  neutral  red  are  seen  only  in 
a  few  isolated  cells  in  the  spinal  ganglia,  and  in  none  of 
the  cells  6f  the  brain  or  spinal  cord. 

Morphologic  Changes  of  Nerve  Cells  Under  the  Influence 
of  Novocain*  Even  in  the  first  eScperlmen?^  we  discovered"  " 
difference^  in  the  reaction  to  novocain  between  warm-blooded 
and  cold-blooded  animals.  Novocain  in  mice  either  showed  ro 
effect  at  all  or  else  caused  death  in  the  animals  within  two 
to  three  minutes* 

After  prolonged  attempts  to  make  up  a  solution  of  novo¬ 
cain  which  would  not  cause  death  in  the  animals,  we  deter¬ 
mined  the  following  doses:  mlnlmuim  lethal  dose  (0.1  rag,  of 
novocain  per  gram  body  weight  of  the  animals),  mlnira\ara  par- 
anecrotlc  dose  (0,066  mg,  per  gram  of  body  weight),  and  what 
we  termed  a  sub-threshold  dose  (0.05  mg,  per  gram  of  body 
weight  of  the  animal) .  With  a  minimum  lethal  dose,  about 
half  of  the  mice  u$ed  in  the  experiments  died  within  four  to 
six  minutes.  In  the  surviving  animals  the  acute  manifes¬ 
tations  gradually  subsided,  and  within  two  hours  they  began 
to  move  about. 

The  minimum  paranecrotlc  dose  caused  a  restless  stage 
in  the  animals.  Gradually  the  mice  quieted  down  and  by  the 
end  of  the  experiment  the  majority  of  the  animals  were  be¬ 
having  Just  like  the  controls. 

As  the  sub- threshold  dose  we  used  the  maximtam  dose  of 
novocain  which  caused  no  readily  discernible  changes  in  the 
behavior  of  the  mlcei 

Microscopic  s'|;udles  showed  different  reactions  in 
different  parts  of  thS  nervous  system  to  the  action  of  the 
novocain.  In  the  cells  of  the  spinal  ganglia,  upon  admin¬ 
istration  of  sub-threshold  dose,  the  cytoplasm  and  nuclei  le  - 
malned  unstained.  The  dye.  Just  as  in  controls  (Pig.  3a), 
was  deposited  in  the  form  of  yellowish-red  granules.  Changes 
began  to  appear  with  the  use  of  a  minimum  paranecrotlc  dose 
(0,066  mg,  per  gram  body  weight).  In  some  experiments,  in 
the  presence  of  granules,  the  cells  acquired  a  raspberry  hue, 
with  weak  staining  of  the  cytoplasm  and  nucleus,  and  in  al¬ 
most  all  cells  there  was  intensified  granule  formation. 

Large  ntimbers  of  heavy  granules  stood  out  clearly  against 
the  pale  raspberry  background  of  the  cytoplasm.  The  area 
of  the  structureless  nucleus  remained  unstained  but  the  nu¬ 
cleoli  were  stained  in  a  number  of  cells  (Plg,  2b). 
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3.  Sensory  Cells  of  the  Spinal  Ganglia  of  the  White 
Mo-ase  (intravital  staining  with  neutral  red)  . 

Designations  saae  as  in  Figure  1, 


^  Upon  injection  of  mlnliiiUHi  lethal  doses^  in  the  major- 
icy  of  the  experiments  we  noted  an  intensified  granule  for¬ 
mation.  Granules  of  different  sizes  filled  the 'entire  cyto¬ 
plasm,  The  sharply  demarcated  nucleus  was  unstructured,  and 
the  nucleolus  could  be  seen  in  almost  all  cells.  In  some 
experiments  we  noted  cells  with  diffuse  staining  of  the  cyto- 
plasm,  against  the  yellowish-red  or  raspberry  background  of 
whxch  were  concentrated  large  accumulations  of  dye  in  var¬ 
ious  places.  The  region  of  the  nucleus  was  stained,  but 
there  was  no  structuring  of  the  nucleus.  The  contours  of 
the  nucleus  were  distinct  (Pig.  3c). 

In  the  cells  of  the  sympathetic  nerve  chain,  changes 
imder  the  infxuence  of  novocain  were  much  less  pronounced, 
r^^iuh  rainlmujn  toxic  doses  the  region  of  the  nucleus  stood 
OuG  much  more  clearly  and  the  nucleolus  could  be  seen.  A 
raspberry  hue  of  the  cytoplasm  was  noticed  only  in  a  few  iso¬ 
lated  cells  (Fig,  4b). 
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Pig,  4,  Cells  of  the  Sympathetic  Nerve  Chain  of  the  White 
Mouse  (intravltal  staining  with  neutral  red) . 

Designations  same  as  in  Pig,  1, 

A  minimum  lethal  dose  caused  in  some  cases  an  inten¬ 
sified  granule  formationi  in  others  the  granules  were  very 
few,  while  the  cytoplasm  stained  a  raspbe3?ry  hue.  The  nu¬ 
cleus  was  unstained  and  structureless  (Pig,  4o) ,  Animals 
which  remained  alive  and  which  were  autopsied  after  24  hours 
showed  a  normal  picture  (Pig.  4a) ,  As  to  the  brain  and 
spinal  cord*  microscopic  studies  showed  changes,  at  the  con¬ 
centrations  which  we  used,  only  in  the  tone  of  the  staining. 
The  cells  of  the  cerebral  hemispheres  acquired  a  raspberry 
hue  with  the  granules  being  concentrated  in  the  peripheral 
parts  of  the  cells.  In  the  spinal  cord,  the  gray  substance 
stained  less  intensely  than  did  the  brain,  and  the  white  sub¬ 
stance  was  either  unstained  or  stained  a  pale  rose  color. 
These  findings  indicate  that  novocain  in  certain  concentra¬ 
tions  causes  a  niuaber  of  changes  in  the  sensory  cells  of 
the  spinal  ganglia  and  jn  the  cells  of  the  sympathetic  nerve 
chain,  with  changes  in  the  cells  of  the  spinal  ganglia  being 
the  most  pronounced. 

With  increases  In  the  concentration  of  novocain, 
cells  gradually  undergo  a  transformation  into  a  state  of  - 
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St Imulatldh,  which  It  Is  possible  to' detect  by  the  Intensi¬ 
fied  granule  forfnatlon.  Later  this  state  Is  superseded  by 
suppression  of  vital  functions,  which  Is  manifested  In  sup¬ 
pression  of  granule  formation  and  also  In  staining  of  the 
nuclei  and  cytoplasm.  All  of  the  above  described  phenomena 
are  reversible. 


Conclusions 


1*  The  method  of  Intravltal  staining  with  neutral 
red  under  conditions  In  which  the  animals  are  kept  alive  may 
be  used  for  cold-blooded  (frogs)  and  warm-blooded  (white 
mice)  animals  both  under  chronic  and  under  acute  experimen¬ 
tal  conditions. 

The  dye  remains  In  the  tissues  of  frogs  for  eight  to 
ten  days,  and  In  white  mice  up  to  24  hours.  In  the  cells  of 
the  nervous  system,  and  up  to  48  hours  and  more  In  other  tis¬ 
sues  (liver,  kidneys) , 

2.  Novocain  Injected  Into  the  body  cavity  of  frogs 
In  certain  dilutions  causes  a  state  of  general  narcosis. 

In  white  mice  novocain,  following  Intraperltoneal  Injection 
In  effective  doses,  causes  either  stimulation  or  death  of 
the  animal.  There  is  no  narcotic  stage. 

3.  The  vrnlnlmum  narcotic  dose  for  frogs  (0,7  mg. 
novocain  per  gram  of  body  weight)  and  the  sub -threshold  dose 
for  white  mice  (0,05  mg,  per  gram  body  weight),  do  not  cause 
any  changes  In  the  character  of  the  Intravltal  staining  of 
the  brain  and  Inal  cord,  the  cells  of  the  sympathetic  nerve 
chain,  the  sensory  cells  of  the  spinal  ganglia,  and  the  para¬ 
sympathetic  cells  of  the  heart, 

4.  With- minimum  toxic  doses  (0,9  to  1  mg,  novocain 
for  frogs  and  0,:066  mg,  for  white,  mice),  and  minimum  lethal 
doses  (1,33  mg,‘-f^br  frogs  and  0,1  mg.  per  gram  body  weight 
for  white  mice),  there  are  deviations  from  the  normal  which 
become  evident  In  an  intensification  of  granule  formation, 
this  being  especially  clearly  exhibited  In  the  sensory  cells 
of  the  spinal  ganglia, 

5.  The  findings  which  we  obtained  indicate  the  stab¬ 
ility  of  the  cytoplasm  of  nerve  cells  and  the  cells  of  other 
tissues  in  the  face  of  exposure  to  comparatively  high  doses 
of  novocain,  and  likewise  indicate  the  absence  at  these 
doses  of  profound  or  Irreversible  structural  changes. 
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The  Absorption  Properties  of  the  Sartorlus  Muscle  of  Progs 
Upon~Tncreaslng  Its  Stlmulablllty 

I,  P.  Suzdal *skaya 

Laboratory  of  Cellular  Physiology  of  the  Physiological  Insti¬ 
tute  of  Leningrad  University 

The  idea  that  waves  of  spreading  stimulation  are  based 
on  processes  similar  to  the  paranecrotlc  reaction  has  been 
expressed  in  the  monograph  of  D.  N.  Nasonov  and  V,  Ya.  Alek¬ 
sandrov  (1940),  and  has  been  confirmed  and  developed  in  the 
numerous  works  of  D,  N,  Nasonov  and  his  associates  in  the 
past  ten  years.  It  has  been  shown  not  only  that  parabiosis 
of  nerve  and  muscle  tissues  caused  by  the  effects  of  various 
modifying  agents  is  accompanied  by  denaturative  changes  of 
the  protein  substrate,  but  also  that  the  normal  stimulation 
of  muscle,  nerves,  and  epithelial  tissues  caused  by  adequate 
physiologic  stimuli  is  likewise  characterized  by  an  Increase 
dn  absorption  properties  with  respect  to  Intravltal  dyes, 
which  indicates  changes  in  the  proteins  of  the  cytoplasm 
which  are  very  similar  in  their  nature  to  the  denaturation 
of  native  proteins  (Kiro,  1948;  Romanov,  1948,  1953,  1957a, 
b,  Vereschagin,  1949;  Ushakov,  1950;  Levin,  1952;  Zarakovskiy 
and  Levin,  195.3;  Nasonov  and  Suzdal ‘skaya,  1953,  1957;  Chet- 
verlkov,  1953;  Shapiro,  1953,  Golovina,  1955£i»  Nasonov  and 
Radvonik,  1956,  and  others) .  Intensification  of  absorption 
properties  characterizes  the  later  phase  of  the  parabiotic 
reaction  when  the  tissue  is  in  a  state  of  complete  or  partial 
refractoriness.  Reduction  in  tinctorial  properties  has  been 
described  by  many  authors  following  exposure  to  weak  sub¬ 
threshold  doses  of  modifying  agents  or  upon  emergence  of  tis¬ 
sues  from  a  state  of  parabiosis  (Romanov,  1949a,  b,  195O; 
Golovina,  1955b;  Kusaklna,  1957,  and  others),  in  a  number 
of  works  it  nas  been  pointed  out  that  the  phase  of  reduction 
in  staining  properties  corresponds  to  an  lncx‘ease  in  the  re¬ 
sistance  of  the  tissues  (Romanov,  1949,  and  others).  However, 
no  comparison  of  the  level  of  stlmulability  of  tissues  with 
their  absorption  properties  was  made  in  these  studies.  Par¬ 
allel  studies  of  stlmulability  and  of  absorption  by  muscles 
of  neutral  red  were  made  only  in  the  studies  of  D,  Ushakov 
(1951,  1954),  According  to  his  findings,  the  stlmulability 
of  the  sartorious  muscle  of  the  frog  under  the  influence  of 
6 •15  percent  potassium  chloride  increases,  while  the  absorp¬ 
tion  of  dye  decreases  as  compared  with  the  normal,  whereas 
4,5  percent  ethyl  alcohol  and  0,25  percent  chloral  hydrate 
reduced  both  stlmulability  and  staining  properties,  V,  P. 
Proshlna  (1957)  discovered  that  Isolated  muscles  kept  at  a 
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temperature  near  0°C  undergo  changes  in  their  absorption  cap¬ 
acities  which  correspond  to  phasic  changes  in  stimulability. 
In  the  course  of  this,  increased  stimulability  corresponds 
to  a  reduction  in  the  absorption  properties,  and  vice  versa. 

Hence,  it  seems  that  in  some  cases  a  weakening  of  abs¬ 
orption  properties  accompanies  an  increase  in  the  stiroulabil- 
ity  of  muscles,  whereas  in  others,  on  the  contrary,  a  reduc¬ 
tion  in  stimulability  is  seen  in  these  cases.  Such  an  incon¬ 
sistency  in  the  experimental  facts  has  not  yet  been  satisfac¬ 
torily  explained. 

The  task  of  the  present  work  is  to  make  a  more  de¬ 
tailed  study  of  the  changes  of  the  absorption  properties  of 
muscles  upon  increase  in  their  stimulability. 

Methods 

Experiments  .Were  carried  out  on  the  sartorlus  muscles 
of  frogs  in  the  autumn  and  Winter  seasons.  For  staining  we 
used  phenol  red  prepared  in  Ringer’s  solution  at  a  concentra¬ 
tion  of  0,03  percent,  and  neutral  red  (in  our  work  we  used 
neutral  red  produced  by  theChemlcal  Plant  imeni  Voykov)  in 
Ringer’s  solution  without  soda  at  concentrations  of  0.01, 
0.025>  and  0,05  percent.  The  prepared  muscles  were  kept  in 
Ringer’s  solution  for  two  to  two  and  a  half  hours  prior  to 
the  experiment  until  equilibrium  was  reached.  Then  both  con¬ 
trol  and  experimental  muscles  xvere  simultaneously  transferred 
into  the  dye  solution.  After  staining,  the  muscles  ?jere  sec¬ 
tioned  in  Ringer’s  solution  and  examined  under  the  micros¬ 
cope,  Muscles  with  injured  fibers  and  also  muscles  under¬ 
going  contractions  were  excluded  from  the  experiment,  Pi-’om 
the  muscles,  we  sectioned  portions  which  were  equal  in  size 
and  placed  them  for  extrsctlon  of  the  dye  in  a  measured  amount 
of  acidified  ethyl  alcohol.  The  alcohol  extracts  of  the  dye 
were  studied  photbraetrlcally  in  the  Pul’frikh  graduated  pho¬ 
tometer  (phenol  red)  or  in  the  electrophotocolorimeter  (neu¬ 
tral  red).  The  amount  of  dye  absorbed  by  the  object  was  ex¬ 
pressed  in  extinction  units  times  100  and  calculated  for  one 
gram  of  dry  weight  of  muscle,  or  was  expressed  in  percentage 
of  the  control  value  taken  as  100  percent. 

In  cases  in  which  it  was  necessary  to  stain  dead  mus¬ 
cles  for  comparison  the  muscles  after  preparation  were  killed 
by  immersion  for  one  hour  in  48  percent  ethyl  alcohol  (in 
Ringer’s  solution),  after  which  they  were  washed  in  running 
water  for  a  day.  To  determine  complete  saturation  of  the  tis¬ 
sue  with  the  dye,  staining  was  continued  for  35  hours.  For 
characterization  of  the  stimulability  of  the  muscles,  we  de¬ 
termined  either  their  voltage-duration  curves  or  the  A  and  B 
constants  of  the  Gorveg  formula,  as  was  done  in  the  work  of 
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D,  N.  Nasonov  and  D,  L,  Rozental’  (1953).  For  stimulation, 
we  used  a  device  with  a  capacity  of  600  down  to  0,01  ralcro- 
pharads.  The  long  stlmulabillty,  or  the  reheobase  (b)  was 
determined  in  volts,  and  the  short  stlmulabillty  (A)  In  mil¬ 
livolts  -  rallllsecondSo  The  constants  of  stlmulabillty 
were  determined  prior  to  Immersion  of  the  muscles  In  the  dye 
and  again  upon  termination  of  the  staining  period. 

For  evaluation  of  the  reliability  of  the  results,  we 
used  the  Student -Fisher  piethod  of  statistical  processing. 

For  confidence  Intervals,  We  used  results  In  which  the  re¬ 
liability  (the  value  of  alpha)  was  not  less  than  0.950. 

Results 

We  were  Interested  In  staining  the  cytoplasm  at  the 
moment  of  increased  stlmulabillty.  It  is  known  that  the 
stlmulabillty  of  conducting  tissues  is  markedly  Increased  by 
Ringer's  solution  which  does  not  contain  calcium  chloride. 

In  order  to  determine  in  what  respect  there  Is  a  change  In 
the  stlmulabillty  of  the  sartorlus  muscles  under  these  con¬ 
ditions,  we  computed  logarithmic-duration  curves  for  control 
and  experimental  muscles.  In  the  Figure,  curve  A  (control) 
Is  based  on  measurements  made  after  keeping  the  muscles  for 
a  period  of  20  minutes  in  Ringer’s  solution  containing  neu¬ 
tral  red  in  a  concentration  of  0,025  percent,  curve  B  (ex¬ 
perimental)  was  obtained  from  measurements  of  stlmulabillty 
of  muscles  after  being  in  Ringer's  solution  without  calcium 
chloride  with  the  same  concentration  of  neutral  red  for  20 
minutes.  The  points  of  the  curves  shown  In  the  figure  are 
average  arithmetical  results  obtained  to  ten  experiments. 
Table  1  gives  the  changes  in  stlmulabillty  of  experimental 
and  control  muscles  In  percentages  of  the  original  level 
taken  as  100  percent  upon  testing  with  currents  of  different 
duration.  Thus,  the  stlmulabillty  df  experimental  muscles 
to  a  rheobase  current  of  24  microseconds  duration  increases 
by  46,5  percent;  to  a  current  of  0,2  microseconds  duration, 
it  Increases  by  20,6  percent  and,  finally,  with  short  cur¬ 
rents  of  0,001  microseconds  duration,  the  changes  In  stlmu¬ 
labillty  are  negligible.  This  material  indicates  that 
the  stlmulabillty  of  muscles  kept  in  Ringer’s  solution  with¬ 
out  calcl\im  is  greatly  intensified  with  respect  to  stimuli 
of  rheobase  duration.  With  shortening  of  the  stimuli,  the 
intensification  of  stlmulabillty  becomes  progressively  less 
pronounced. 
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Table  1  j 

Changes  in  the  Thresholds  of  Stimulabllity  (in  percentages 
of  the  original  level)  Upon  Testing  with  Currents  of  Dif¬ 
ferent  Duration  in  Control  and  Experimental  Muscles  (M- 
arithme tic  average,  m-mean  square  error) 

Duration  of  Number  Control  muscles  Experimental 'muscles 

the  current  of  ex- OSinger • s  +  Neutral  (Ringer ‘siwit^^ 
in  mllli-  peri-  red  0.025  percent)  calcium  chlbride  + 
seconds  ments  M  +  m  neutral  red  0^025 

.  ;  percent)  M  +  m 

10  +  9  ±  .9.9  -  46.5  +  4.0 

10  +  19.7  ±  17.8  -  20,6  +  3.3 

10  +  6.2  +';10.2  -  10.8  +  4,9 


24.0 

0.2 

0.001 


Voltage -Duration  Curves  of  the  Sartortus  Muscle  of  the  Prog 

Buscles  were  kept  in  Ringer's  solution  for  20 
minutes,  B  --  after  muscles  were  kept  in  Ringer's  solution 
without  calcl^  chloride  for  20,  minutes.  Along  the  abscissa 
are  the  logarithms  of  time  (in  milliseconds);  along  the  or¬ 
dinate  are  the  logarithms  of  threshold  voltage  (in^volts) . 


intensification  of  stiraulability  of  muscles 
o  a  rheobase  current  caused  by  the  absence  of  calcium  chlor¬ 
ide  in  Ringer  s  solution  is  much  to  be  preferred  to  the  roe- 
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thods  of  increasing  stlniulablllty  which  use  special  chemical 
agents,  because  of  the  possible  adsorption  competition  be¬ 
tween  the  modifying  agent  and  the  dye  (Nasonov,  and  Alek¬ 
sandrov,  1937).  Nonetheless,  in  order  to  be  completely  cer¬ 
tain  that  the  absence  of  calciiira  chloride  in  Ringer’s  solu¬ 
tion  doas  not  influence  the  staining  process,  we  set  up  con¬ 
trol  experiments  with  staining  of  filter  paper  and  of  dead 
muscles  according  to  a  method  developed  by  D.  N*  Nasonov 
and  V,  Aleksandrov,  1937,  19^0).  in  this  it  was  shown 
that  absorption  of  the  dye  by  filter  paper  and  by  dead  mus¬ 
cles  in  solutions  containing  calcium  and  not  containing 
calcium  undergoes  almost  negligible  differences,  and  the  dif¬ 
ference  actually  lies  completely  within  the  limits  of  experi¬ 
mental  error.  Consequently,  the  absence  in  Ringer's  solu¬ 
tion  of  calcium  chloride  does  not  influence  to  any  notice¬ 
able  extent  the  amount  of  the  dye  absorbed  by  the  substrate. 

Furthermore,  it  was  necessary  to  deteiTiilne  whether 
the  swelling  of  muscles  upon  staining  them  with  neutral  red 
in  Ringer's  solution  containing  calcltim  chloride  and  in 
Ringer's  solution  not  containing  calcium  chloride  was  at  all 
different.  Different  degrees  of  swelling  of  control  and  ex¬ 
perimental  mixscles  might  strongly  influence  the  amount  of 
dye  penetrating  into  the  muscle,  and  hence  might  lead  to  er¬ 
roneous  conclusions  concerning  changes  in  the  absorption  pro¬ 
perties  of  the  mu3cu3.ar  tissue.  These  experiments  showed 
that  the  differences  in  the  weights  of  prepared  muscles 
stained  under  different  conditions  were  negligible.  On  the 
average  (of  10  experiments)  the  increase  in  weight  of  muscles 
kept  for  20  minutes  in  a  solution  of  dye  not  containing  cal¬ 
cium  chloride  was  1,04  +  0,92  milligrams.  The  increase  in 
weight  of  muscles  stained  in  normal  Ringer's  solution  was 
0,88  +  0,70  milligrams.  Hence,  it  was  established  that  dif¬ 
ferences  in  swelling  upon  staining  the  muscles  under  these 
conditions  could  be  disregarded. 

Experiments  on  living  sartorius  muscles  of  frogs  were 
carried  out  during  the  autumn  and  winter  seasons.  In  all, 
we  ran  five  series  of  experiments. 

In  order  to  determine  the  error,  of  the’  method,  we  ran 
22  expex’iments.  Sartorius  muscles  were  stained  for  20  min¬ 
utes  with  0,023  percent  neutral  red  prepared  in  Ringer's  solu¬ 
tion,  Table  II  (series  l)  shows  the  thresholds  of  stimula- 
bility  of  paired  muscles  in  percentages  of  the  original,  and 
the  absorption  of  the  dye  in  units.  From  these  figures  it 
follows,  first,  that  no  statistically  reliable  changes  occur 
in  stlmulablllty  of  muscles  kept  for  20  minutes  in  normal 
Ringer's  solution  in  the  presence  of  neutral  red.  Second, 
that  the  stimulability  and  absorption  properties  of  paired 
muscles  after  staining  in  Ringer's  solution  show  no  statisti¬ 
cally  reliable  differences. 
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Second  Series:  The  substantive  properties  of  normal 
muscles  andTo?  muscles  in  states  of  Increased  stimulabillty 
were  compared  in  30  experiments.  Experimental  muscles  were 
stained  with  neutral  red  prepared  in  Ringer's  solution  with¬ 
out  calcium  chloride*  For  control  muscles,  the  dye  was  dis¬ 
solved  in  normal  Rlhger'a  solution.  The  concentration  of 
the  dye  in  the  solutions  was  0,025  percent.  Staining  was 
continued  for  2lui  minutes.  For  these  experiments,  we  .selec-: 
ted  only  muscles  the  stimulabillty  of  which  to  a  current  pf 
rheobase  duration  was  increased  not  less  than  25  percent  as  ■ 
compared  with  the  paired  control.  The  results  obrained  are’ 
shown  in  Table  II  (series  2), 

A  statistically  reliable  increase  in  stimulabillty 
of  muscles  caused ’by  the  absence  of  calcium  chloride  in 
Ringer’s  solution  is  accompanied  by  a  considerable  reduc¬ 
tion  in  their  ablll’ty  to  bind  basic  dyes*  This  reduction 
is  also  statistically  reliable  and  its. value  is  22,8  percent  , 
Microscopic  studies  of  muscles  stained  for  20  minutes 
showed  that  granules  of  neutral  red  were  not  formed  as  a 
rule  during  this  period  of  time.  However,  in  order  to  ex¬ 
clude  completely  the  possibility  of  attributing  the  reduc¬ 
tion  of  absorption  during  the  phase  of  heightened  stimula¬ 
billty  (Troshina  showed,  in  195^,  that  a  clearly  expressed 
granule  formation  is  seen  after  staining  muscles  with  neu¬ 
tral  red  for  30  minutes  followed  by  a  period  of  30  minutes 
in  Ringer’s  solution  without  dye.  It  is  interesting  to  note 
that  the  special  experiments  of  Troshina  demonstrated  the 
absence  of  any  differences  in  the  intensity  of  granule  for^ 
matlon  in  muscles  with  intensified  Stimulability  (kept  in 
Ringer’s  solution  without  calcium)  and  in  muscles  with  nor¬ 
mal  stimulabillty.  Intensification  of  granule  formation  was 
noted  only  during  the  phase  of  decreased  stimulabillty.)  .to 
suppression  of  granule  formation,  we  set  up  a  series  of  ex¬ 
periments  in  which  staining  of  the  muscles  was  continued 
only  for  five  minutes.  The  results  of  these  observations, 
which  are  shown  in  Table  2,  No  2,  showed  that  under  these 
conditions,  which  completely  exclude  the  possibility  of 
granule  formation,  there  was  a  reliable  reduction  in  absorp¬ 
tion  which  could  be  attributed  only  to  changes  in  the  absorp¬ 
tion  properties  of  the  cytoplasm.  Hence,  it  may  be  consi¬ 
dered  established  that,  during  the  phase  of  increased  stim¬ 
ulability  caused  by  the  absence  of  calcium  salts  in  Ringer’s 
solution,  there  is  a  reduction  of  absorption  capacity  of. 
muscles  with  respect  to  a  basic  dye  —  neutral  red. 

Third  series.  It  seemed  to  us  important  to  determine 
whether  there  were  any  changes  in  the  absorption  properties 
of  muscles  with  respect  to  acid  dyes  upon  Increasing. their 
stimulability,  since  a  reduction  in  the  binding  powers  of 
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cytoplasm,  both  for  basic  and  for  acid  dyes,  is  sufficient 
testimony  to  a  reduction  in  the  nximber  of  active  ionizing 
acid  and  for  acid  dyes,  is  sufficient  testimony  to  a  reduc¬ 
tion  in  the  number  of  active  ionizing  acid  and  basic  groups 
oh  the  surface  of  protein  molecules. 

As  the  acid  dye  we  used  phenol  red  (0,03  percent)  pre¬ 
pared  Jn  normal  Ringer's  solution.  Staining  with  phenol 
red  of  paired  sartorlus  muscles  under  identical  conditions 
showed, that,  at  one  and  the  same  level  of  stlmulablllty  (de¬ 
termined  in  terms  of  the  constants  A  and  B),  no  differences 
in  the  Absorption  properties  of  the  two  groups  of  muscles 
could  be  detected  (Table  2,  series  3) . 

Fourth  aeries.  In  order  to  Increase  the  stlmulablllty 
of  muscles  we  used  Ringer's  solution  without  calcium  chloride 
containing  0,03  percent  of  phenol  red.  In  these  experiments 
we  used  37  pairs  of  muscles.  In  experimental  muscles,  the 
stimulabllity  to  a  current  of  rheobase  duration  Increased  by 
an  average  of  6l  percent,  and  the  stlmulablllty  to  a  short 
stimulus  increased  very  little,  but  was  nonetheless  higher 
than  the  control.  The  absorption  properties  of  experimental 
muscles  as  compared  with  the  control  muscles  was  reduced  by 
an  average  of  9«9  percent;  however,  this  figure  was  not  sta¬ 
tistically  reliable  (alpha  *  0,8l5),  Nonetheless,  on  the 
basis  of  these  experiments,  it  is  not  possible  to  state  that 
the  absorption  properties  of  muscles  with  respect  to  acid 
dyes  remained  unchanged  upon  Increasing  the  stlmulablllty, 

A  complicating  circumstance  was  the  fact  that,  in  the  0.03 
percent  solution  of  phenol  red  prepared  in  Ringer's  solution 
without  calcitam  chloride,  muscles  after  20  minutes  of  stain¬ 
ing  increased  considerably  in  raw  weight  (5.5  mg.  +  0.79  from 
an  average  of  10  experiments). 

During  the  same  period  of  time,  paired  (control)  mus¬ 
cles  kept  in  normal  Ringer's  solution  with  phenol  red  of  the 
same  concentration  did  not  change  in  weight  (0.01  rag  +  0.36; 
average  of  10  experiments) .  The  difference  in  the  weight  cf 
the  control  and  experimental  muscles  is  completely  reliable 
(alpha  equals  0.999).  Obviously,  due  to  the  swelling  of  the 
muscles,  greater  amounts  of  dye  enter  them  than  enter  con¬ 
trol  muscles.  If  it  be  accepted  that  dye  solution  of  the 
same  concentration  as  is  found  in  the  surrounding  medium, 
enters  a  muscle  in  the  same  way  as  does  water,  then  tenta¬ 
tive  calculations  show  that,  with  an  increase  in  the  weight 
of  the  muscle  of  5.5  mg  due  to  swelling,  the  weight  of  dye 
is  0,165  X  10"5  grams.  Translated  into  units  such  as  we  have 
been  using,  this  amount  corresponds  to  0.34  units.  In  order 
to  establish  the  magnitude  of  absorption  of  dye  by  the  muscle 
proteins  it  is  necessary  to  subtract  this  amount  from  the  to¬ 
tal  amount  obtained  experimentally,  that  is,  0.64  -  0.34  = 


9Z 


2,3  [sic]  units.  With  respect  to  the  magnitude  of  absorp¬ 
tion  in  controls  this  comprises  21,5  percent. 

Hence,  muscles  with  Increased  stimulabillty  caused  by 
the  action  on  them  of  Ringer's  solution  devoid  of  calcium 
are  characterized  by  a  considerable  reduction  of  their  abil¬ 
ity  to  bind  not  only  basic  but  also  acid  dyes. 

Fifth  series.  It  would  be  natural  to  ask  ourselves 
whether  muscle~tissue  in  the  presence  of  Increased  stimula- 
bllity  possessed  in  general  a  lower  level  of  absorption  cap¬ 
acity  or  whether*  t)he  reduction  in  absorption  which  We  ob¬ 
served  is  due  to  Specific  changes  arising  as  a  result  of  the 
absence  of  calcliun  chloride  in  the  Ringer's  solution.  An  ex¬ 
haustive  answer  to  this  question  may  be  obtained  only  from 
an  analysis  of  the  effects  on  muscles  of  various  agents  which 
lnct*ease  their*  stimulabillty.  This  will  comprise  the  task 
of  future  experiments.  In  the  present  work  we  thought  it 
necessary  to  determine  the  presence  of  tinctorial  changes 
with  increases  in  stimulabillty  of  muscles  by  any  method  what¬ 
soever,  Without  wishing  to  use  chemical  agents,  because  of 
the  possibility  of  their  absorptive  competition  with  dyes, 
we  used  neutral  red  in  the  manner  already  described,  in  cer¬ 
tain  definite  concentrations,  in  order  to  increase  the  stlm- 
ulabillty  of  muscles.  An  increase  in  stimulabillty  (by  36 
percent)  occurred  with  ten-minute  staining  of  sartorius  mus¬ 
cles  with  0,05  percent  solution  of  neutral  red  prepared  in 
Ringer's  solution  without  soda.  For  control  muscles,  we  ar¬ 
ranged  conditions  under  which  their  stimulabillty  did  not 
change  despite  a  ten  minute  staining  with  0,05  percent  neu¬ 
tral  red.  This  was  achieved  by  a  brief  (lO-mlnute)  prelim¬ 
inary  exposure  of  the  muscles  to  4,5  percent  ethyl  alcohol 
diluted  in  Ringer's  solution,  with  subsequent  washing  in  pure 
Ringer's  solution  which \ was  changed  twice. 

Experimental  and  control  muscles  were  stained  simul¬ 
taneously  in  one  and  the  same  vessel,  Stimulabillty  was  mea¬ 
sured,  as  in  the  preceding  experiments,  directly  prior  to  im¬ 
mersing  the  muscles  in  the  dye  and  immediately  after  stain¬ 
ing,  For  extraction  of  the  dye,  we  did  not  use  muscles  in 
which  stimulabillty  to  prolonged  stimuli  differed  from  con¬ 
trol  values  by  less  than  20  percent.  In  Table  II  (series 
5),  the  average  arithmetical  results  of  changes  of  the  thres¬ 
holds  of  stimulabillty  and  of  absorption  properties  are  pre¬ 
sented,  The  stimulabillty  of  control  muscles  as  a  result  cf 
staining  does  not  change  with  respect  to  prolonged  stimuli, 
and  decreases  only  slightly  with  respect  to  short  stimuli; 
the  stimulabillty  of  experimental  muscles  to  a  rheobase  cur¬ 
rent,  that  is,  muscles  not  subjected  to  preliminary  exposure 
to  alcohol.  Increases  by  36  percent  over  the  original  level. 
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The  short  stlmulability  of  the  experimental  muscles  does  not 
change  beyond  the  limits  of  statistical  reliability,  but 
nonetheless  it  is  higher  on  the  average  than  in  controls. 

The  amount  of  dye  absorbed  by  muscles  with  higher  stimula- 
bllity  was  l6,3  percent  less  than  in  controls. 

Hence,  in  this  series  of  experiments,  likewise.,  it 
was  discovered  that,  given  two  groups  of  muscles  possessing 
different  stimulabilitles  to  a  rheobase  current,  the  group 
with  increased  stlmulability  is  characterized  by  lesser 
absorptloh  capacities  of  the  substrate  with  respect  to  basic 
dyes  than  the  group  possessing  lower  stlmulability. 

Summing  up  the  results  of  the  present  work,  we  set  up 
Table  3#  from  which  the  relations  of  the  threshold  of  rheo¬ 
base  stlmulability  and  of  absorption  properties  of  sartorius 
muscles  are  apparent.  Prom  the  table  it  follows  that,  with 
ah  original  rheobase  stlmulability  of  equal  magnitude  for 
both  paired  muscles,  there  were  no  essential  differences  with 
respect  to  absorption  properties,  either  (Table  3#  No  1  and 
5).  In  cases  in  which  there  was  an  Increase  In  stlmulability, 
the  absorption  capacities  of  muscles  were  reduced  by  l6  to 
20  percent  as  compared  wlththe  normal,  following  staining 
either  with  basic  or  with  acid  dyes. 

Conclusions 

The  Interrelationship  between  stlmulability  and  tinc¬ 
torial  properties  estabiished  in  our  experiments  was  also 
observed  by  V,  P.  Trochina  (1957)  In  studying  the  survival 
of  satorlus  muscles  of  the  frog  in  cold.  It  may  be  suggested 
that,  under  these  conditions,  a  weakening  of  absorption  is 
the  result  of  a  decrease  in  the  number  of  acid  and  basic  ion¬ 
izing  groups  on  the  surface  of  protein  molecules  of  the  cyto¬ 
plasm,  or,  in  other  words,  the  phase  of  increased  stlmula- 
bllity  corresponds  to  an  intensification  of  the  processes  of 
renativation  of  ctyoplasmic  proteins.  In  support  of  this  also 
is  the  work  of  Kondrashova  (195^) >  who  observed  during  the 
phase  of  increased  stlmulability  of  muscles  an  intensifica¬ 
tion  of  the  synthesis  of  high  energy  phosphate  compounds 
(an  Increase  in  the  content  of  phospho creatine  and  adenosine 
triphosphoric  acid) ,  On  the  contrary,  with  a  reduction  of 
stlmulability,  she  was  able  to  detect  a  reduction  in  the 
synthesis  of  high,  energy  phosphate  compounds.  However,  for 
final  conclusions  on  the  nature  of  the  changes  in  the  sub¬ 
strate  with  increases  in  stlmulability,  we  have  at  our  dis¬ 
posal  very  little  factual  material.  Further  studies  will  en¬ 
able  us  to  establi^sh  the  reliability  of  the  hypothesis  that, 
during  the  phase  of  Increased  stlmulability,  there  are  changes 
in  the  protein  subStrate  in  the  direction  of  renativation, 
and  that  there  are 'interrelationships  between  the  substantive 
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and  functional  characteristics  of  tissues  In  the  early  phases 
of  parabiotic  processes. 


Conclusions 

1,  With  an  Increase  of  30  to  80  percent  In  the  stlrau- 
lablllty  of  muscles  to  a  current  of  rheobase  duration,  the 
absorption  by  such  muscles  of  basic  (neutral  red)  and  acid 
(phenol  red)  dyes  decreases  by  l6  to  22  percent  as  compared 
with  control  muscles* 

2,  For  an  explanation  of  these  facts,  we  suggest 
that,  during  the  phase  of  Increased  stlmulablllty,  there  Is 
an  Intensification  of  the  processes  of  renatlvatlon  of  cyto¬ 
plasmic  proteins. 
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Changes  In  the  Fvinctlonal  and  Substantive  Properties  of 
Muscles  of  Frogs,  Depending  on  the^'Length  of  Time 
They~are  Kept  In  Rlnper » s  Solution 

N.  A,  Vinogradova 

The  L^iboratory  of  Cellular  Physiology  of  the  Institute  of 
Cytology  of  the  Academy  of  Sciences  USSR,  Leningrad 

The  task  of  the  present  work  was  to  Investigate  the 
functional  and  substantive  propertl.es  of  Isolates  muscles 
kept  in  Ringer's  Solution  at  room  temperature.  This  v«ork 
was  of  importance  since  Isolated  musclea  kept  In  Ringer's 
solution  ordinarily  serve  as  "controls"  in  experiments  on 
the  effects  of  different  agents  on  muscle  tissue. 

Methods 

The  experiment  s  were  carried  out  using  the  sartor lus 
muscles  of  grass  frogs  during  the  autumn  and  winter  period. 
Studies  were  made  of  contractions,  resting  currents,  stimu- 
labillty,  resistance,  and  the  ability  of  muscles  to  bind 
vital  dyes  aftey  being  kept  for  long  periods  of  time  In 
Ringer's  solution,  isolated  muscles  were  ivelghed  and  suspen¬ 
ded  by  their  tendons  In  vessels  of  identical  size  containing 
Ringer's  solutioho  They  were  kept  In  this  position  foi’  def¬ 
inite  periods  of  I  time  at  temperatures  from  l6  to  22°C,  Deter¬ 
mination  of  various  indices  of  the  state  of  the  muscles  were 
carried  out  at  ly  3,  4,  7,  13,  25,  37,  ^9  and  73  hours  after 
isolation  of  the-muscles.  As  controls,  we  used  the  results 
of  measurements  carried  out  one  hour  after  the  Isolation  of 
the  muscles. 

Recording  of  contractions  was  made  on  a  slowly  rota¬ 
ting  drum  (rate  of  rotating  was  one  time  per  twenty-four 
hours).  A  Julien  lever  was  used.  Its  stress  on  the  muscle 
was  equal  to  100  mgro.  In  all  series  of  experiments  in  which 
the  Julien  lever  was  not  used,  a  100  mgm,  weight  was  suspen¬ 
ded  to  the  end  of  the  muscle. 

For  the  recording  of  resting  currents,  use  was  made 
of  a  mercury- calomel  electrode  with  agar  switches  [?]  Joined 
with  a  mirror  galvanometer.  At  definite  intervals  of  time, 
the  muscles  were  taken  from  the  Ringer's  solution  and  placed 
in  a  moisture  chamber  for  determination  o.f  differences  of 
potential.  Measurements  were  continued  for  48  to  6o  minutes 
at  Intervals  of  five  minutes.  Since  the  difference  in  poten¬ 
tials  of  sartorlus  muscles,  according  to  the  findings  of  D. 

N.  Nasonov  and  V.  Ya,  Aleksandrov  (1944)  and  according  to  our 
preliminary  observations,  first  Increases  and  then  declines. 
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we  used  the  maximum  values  for  comparison  of  the  magnitudes 
of  resting  current  from  experimental  and  control  muscles. 

For  a  characterization  of  the  stlmulabillty  of  muscles 
we  determined  the  values  of  the  constant  "a"  (short  thres¬ 
hold)  and  ’’b"  (long  threshold)  of  the  Gorveg-Veys  formula, 
as  suggested  by  D.  N.  Nasonov  and  D.  L.  Rozental'  (1953). 
Determination^  were  carried  out  with  the  aid  of  a  condensor 
chronaxlmeter,  with  a  capacity  of  0.01  to  600  microfarads 
and  a  shvint  of  100  ohms,  at  voltage  intervals  from  1.5  to 
150  volts.  The  values  of  the  constants  (a)  and  (b)  wefe  ex¬ 
pressed  as  percentages  of  the  control  values  taken  as  100 
percent. 

For  determination  of  the  resistance  of  the  muscles  we 
used  a  thermal  stimulus.  The  time  of  survival  of  muscles  in 
Ringer's  solution  heated  to  38°,  or  the  rate  of  death  of 
muscles  under  these  conditions  (v  =  1‘^tlme  of  survival),  were 
used  for  comparison  of  the  resistance  of  muscles  kept  in 
Ringer's  solution  for  different  periods  of  time.  The  cri¬ 
terion  of  death  of  the  muscles  was  the  absence  of  contractions 
in  response  to  stimulation  with  an  electric  current  from  a 
Dubols-Raymond  inductor. 

The  absorption  capacities  of  muscles  were  studied 
with  respect  to  basic  and  acid  dyes*.  As  the  basic  dye,  we 
used  0,01  percent  neutral  red  prepared  in  Ringer's  solution 
without  soda;  as  the  acid  dye,  we  used  0,05  percent  phenol 
red  prepared  in  Ringer's  solution.  The  muscles  were  stained 
for  an  hour  at  17°C.  The  amount  of  dye  absorbed  was  expres¬ 
sed  as  a  percentage  of  the  control  values. 

The  material  which  we  obtained  was  processed  statis¬ 
tically,  The  results  of  the  experimental  finds  are  shown  In 
the  table  and  in  the  figure. 

Results  of  Experiments 

In  all  experiments,  death  of  muscles  in  Ringer's  solu¬ 
tion  was  always  accompanied  by  contraction.  In  the  figure 
(A)  are  shown  the  myograms  of  muscular  contractions  (sepa¬ 
rate  experiment).  In  the  majority  of  cases,  contractions  ap¬ 
peared  12  to  18  hours  after  isolation  of  the  muscles.  By  18 
to  24  hours  it  had  reached  a  maximum,  and  by  37  hours  the 
muscles  began  to  become  flaccid.  Sometimes  contraction  ap¬ 
peared  by  the  end  of  the  second  day,  and  flaccidity  ensued 
only  on  the  third  day. 
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Changes  in  the  Functional  and  Substantive  Properties  of  Mus¬ 
cles  Depending  on  the  Period  of  Time  for  Which  They  are  Kept 

in  Ringer's  Solution, 

Along  the  abscissa  —  time  of  keeping  muscles  in  Ringer's 
solution  (in  hours);  along  the  ordinate;  A  —  height  of  mus¬ 
cular  contraction  (in  centimeters) ;  B  —  magnitude  of  rest¬ 
ing  current  (in  millivolts);  C  —  magnitude  of  thresholds 
of  stimulablllty  (a  —  short  threshold,  b  —  long  threshold), 
expressed  in  percentages  of  control  values;  D  —  rate  of  on¬ 
set  of  non-stimulability  of  muscles  (V)  —  upon  exposure  to 
temperature  of  (v  «  l“tlnie  of  survival);  E  —  amount  of 

dye  absorbed,  in  percentages  of  control  (1  —  neutral  red| 


Changes  in  Putictional  and  Substantative  Properties  of 
Muscles  Depending  on  the  Time  for  Which  They  are  Kept 

in  Ringer’s  Solxition 


Time  for  which 
the  muscles 
are  kept  in 

/alue  of  rest¬ 
ing  current  (in 
aci  llivoits ) 

Magnitude  of  thresholds  of 
stiraulabi lity  (In  percent¬ 
age  of  control ) 

Ringer’s  solu¬ 
tion  (in  hours) 

No  of 
exper. 
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No  of 
exper. 

b 
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1 ( con¬ 
trol  y 
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1 

Rcsistarice  of  muscle; 
upon  exposure  to  a 
temperature  of  5S°C 

:  The '  adi4dr  pt  i  on 
of  neutral  red 
{%  of  control ) 

The  absorption  of 
phenol  red  (In  ^  ’ 
of  control) 

No  of 
exper. 

Time  of 
survive  I 
of  muscles 
(in  min.) 

M  ±  m 

Rapid¬ 
ity  of 
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St  imu- 
labil- 
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No  of 
exper 
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t 

— 

8 

j 
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i 
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The  value  of  the  resting  current,  as  can  be  seen 
from  the  table  and  the  figure  (B),  begins  to  change  in  the 
first  hours  after  the  isolation  of  the  muscles.  By  the 
end  of  the  third  hour  in  Ringer's  solution,  the  difference 
in  potential  is  reduced  by  2,5  millivolts  (rellabllltys 


102 


alpha  =  0,993) .  When  kept  for  longer  periods  of  time  in 
Ringer's  solution,  the  decline  in  the  resting  current  is  re¬ 
tarded  and  there  is  even  a  slight  increase  which,  however, 
is  not  statistically  reliable.  In  order  to  test  the  relia¬ 
bility  of  the  increase  in  the  difference  of  potentials,  we 
set  up  a  special  series  of  experiments  in  which  paired  mus¬ 
cles  were  compared,  one  of  which  was  kept  in  Ringer's  solu¬ 
tion  for  three  hours  and  another  for  seven  hours.  In  five 
cases  out  of  six,  the  resting  current  of  muscles  kept  in 
Ringer's  solution  for  seven  hours  was  higher .than  the  cur¬ 
rents  of  muscles  kept  in  Ringer's  solution  for  three  hours* 

The  difference,  on  the  average,  was  1.8  millivolts  (alpha  * 

=  0*977),  that  is,  it  was  statistically  reliable.  With 
longer  periods  of  time  in  Ringer's  solution,  the  difference 
in  potentials  was  reduced,  and  by  the  end  of  the  second  day 
it  was  no  longer  possible  to  detect  any  difference.  These 
findings  permit  us  to  conclude  that  the  magnitude  of  the  res¬ 
ting  current  of  musoies  is  trl>phasic. 

A  triphasic  -change  could  be  seen  also  in  constant  (b) 
(Table  and  Figure,  (B)).  Dxirlng  the  first  three  hours  in 
Ringer's  solution  the  thresholds  to  long  stimuli  increased 
to  110,7  percent  as? compared  with  controls.  By  seven  hours 
of  incubation  the  magnitude  of  threshold  had  reverted  to  the 
original  level  (alpha  =  0,986) .  By  25  hours,  (b)  increased 
to  113  percent  (alph^  _  0,996),  and  from  then  on  the  thres¬ 
hold  progressively  increased. 

For  short  stimuli,,  thresholds  did  not  change  during 
the  first  three  hour;^  (Figure,  (V)),  A  certain  tendency  to 
increase  was  seen  after  seven  hours  in  Ringer's  solution  (an 
Increase  to  106  percent,  alpha  =*  0,955),  By  13  hours  the 
magnitude  of  the  threshold  was  103  percent  (alpha  =  0,788), 
and  by  25  hours  the  threshold  had  Increased  to  13^  percent 
(alpha  »  0,999). 

The  resistance  of  the  muscles,  as  seen  from  the  Figure 
(D) ,  increased  during  the  first  seven  hours.  The  time  of 
survival  of  muscles  at  a  temperature  of  38°  by  this  time  was 
ten  minutes  longer  than  that  of  the  controls  (alpha  =  0,999), 
With  longer  times  in  Ringer's  solution,  the  resistance  of  the 
muscles  rapidly  decreased. 

The  absorption  capacities  of  muscles  with  respect  to 
basic  and  acid  dyes  showed  a  triphasic  change,  likewise ,  As 
can  be  seen  from  the  Figure  (E),  during  the  first  hours  the 
level  of  absoiTJtion  Increased:  for  neutral  red,  by  three 
hours,  the  magnitude  of  absorption  was  126  percent;  for  phenol 
red,  by  four  hours,  it  was  117  percent.  After  seven  hours 
in  Ringer's  solution,  the  absorption  capacity  of  muscles  re¬ 
verted  to  the  original  level.  By  13  hours  of  Incubation,  the 
amount  of  neutral  red  absorbed  began  to  Increase,  whereas  for 
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phenol  red  the  absorption  capacity  was  reduced  to  76  percent 
(alpha  =  0,999).  By  25  hours,  the  amount  of  dye  absorbed 
had  Increased  considerably:  for  neutral  red  It  was  142.1  per 
cent  (alpha  =  0,999),  and  for  phenol  red  It  was  135  percent 
(alpha  =  0,999),  With  longer  periods  of  Incubation,  the 
level  of  absorption  Increased, 

The  fact  that  similar  changes  were  seen  In  absorption 
both  of  basic  and  of  acid  dyes  leads  us  to  believe  that 
changes  In  absorption  are  not  connected  with  changes  In  pH, 
but  are  the  result  of  alteration  In  the  muscle  proteins. 

Discussion 

These  data  testify  to  the  fact  that.  Immediately  after 
isolation  of  muscles  from  the  organism,  their  functional  and 
substantatlve  properties  begin  to  change.  This  change  Is  cf 
a  phasic  bharacter:  during  the  first  three  hours  the  resting 
current  and  the  stlmulabllity  decrease,  and  the  absorption 
capacities  and  resistance  Increase,  whereas  by  seven  hours 
of  Incubation,  the  resting  current  Increases  slightly, ^the 
stlmulabllity  and  absorption  properties  return  to  the  orig¬ 
inal  level;  the  resistance,  however,  remains  elevated.  By 
25  hours  the  resting  current,  stlmulabllity,  and  resistance 
are  markedly  reduced,  while  the  absorption  properties,  on 
the  other  hand,  are  Increased.  At  this  same  time,  the  major¬ 
ity  of  muscles  are  In  a  state  of  maximum  contractions. 

Phasic  changes  In  stlmulabllity  and  absorption  proper¬ 
ties  were  also  observed  by  V.  P.  Troshlna  (1957)  In  Isolated 
frog  muscles  kept  In  Ringer’s  solution  at  temperatures  ap¬ 
proaching  0°C. 

Upon  comparing  the  experimental  material  which  we  ob- 
tained  with  data  taken  from  the  literature  (Nasonov,  1948; 
Nasonov  and  Suzdal ' skaya,  1948;  Rosental'  1948;  Ushakov, 

1954;  Dzhamusova,  1958),  it  Is  possible  to  conclude  that  dur¬ 
ing  the  process  of  being  kept  In  Ringer's  solution,  muscles 
enter  a  state  of  stable  local  stimulation,  which  subsequently 
leads  to  death, 

A  number  of  works  have  been  devoted  to  an  explanation 
of  the  causes  of  death  of  isolated  muscles.  In  which  It  has 
been  shown  that  there  Is  a  gradual  loss  of  glycogen  reserves 
in  Isolated  muscles  (Hoet  and  Marks,  1926;  Bate-Smlth  and 
Bendall,  1949;  Moreva,  1954;  and  Tank,  1954)  and  the  content 
of  glycogen  becomes  so  negligible  that  It  is  impossible  to 
sustain  the  amount  of  ATP  at  a  normal  level  (Bate-Smlth  and 
Bendall,  1949;  Bendall,  1951) .  The  reduction  in  the  concen¬ 
tration  of  ATP  may  be  the  direct  cause  of  denaturatlve  changes 
In  the  muscle  proteins  (Szent-Gyorgy,  I947) , 

Starting  with  the  protein  theory  of  injury  and  stimu- 
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latlon  as  expounded  by  D,  N.  Nasonov  and  D.  Ya,  Aleksandrov 
(1940),  It  may  be  assumed  that  the  phasic  changes  In  the 
functional  and  substantive  Indices  of  the  state  of  Isolated 
muscles  kept  In  Ringer’s  solution  observed  In  our  experiments 
are  caused  by  denaturatlve  changes  Is  muscle  proteins. 

I  wish  to  express  ray  gratitude  to  B,  P,  Ushakov  for 
his  supervision. 

Conclusions 

1*  Studies  were  made  of  functional  and  substantive 
changes  In  Isolated  sartorlus  muscles  of  frogs  kept  for  long 
periods  of  time  In  Ringer's  solution  at  room  temperature, 

2*  Functional  and  substantive  properties  begin  to 
change  Immediately  after  Isolation  of  the  muscles  from  the 
organism,  this  change  being  of  a  phasic  character.  The  mag¬ 
nitude  of  the  resting  current,  the  absorption  capacities, 
and  the  long  and  short  stlmulablllty  of  muscles  change  In  a 
triphasic  fashion,  whereas  changes  In  resistance  are  blphaslc, 

3.  Death  of  muscles  In  a  Ringer's  solution  Is  always 
accompanied  by  contraction,  following  the  development  of 
which  the  stlmulablllty  of  the  muscle  Is  markedly  reduced, 
the  magnitude  of  the  resting  current  decreases,  the  resis¬ 
tance  declines,  and  the  absorption  capacity  Increases. 

4.  These  results  together  with  the  findings  from  the 
literature  permit  us  to  conclude  that,  In  Isolated  muscles, 
during  the  process  of  dying  In  Ringer's  solution,  a  state  of 
stable  local  stimulation  develops, 

5«  Stratlng  with  the  protein  theory  of  stimulation 
and  injury  of  D.  N,  Nasonov  and  V,  Ya,  Aleksandrov,  It  may 
be  assumed  that  the  phasic  changes  In  functional  and  sub¬ 
stantive  Indices  which  we  observed  have  their  explanation  in 
the  denaturatlve  changes  of  muscle  proteins. 
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Changes  In  the  Transparency  of  the  Dermo sternal  Muscle 
o£_l!goSg  Ugon  Exposure  to"'Dl!7erent  Modlfylnp:~Influences 

A,  A.  Kuskaina 

Department  of  Human  and  Animal  Physiology  of  Leningrad 

University 

j  concept  that  parabiosis  Is  a  phasic  process,  in 

+.4  which  an  Important  role  is  played  by  stlm- 

ulatlon,  has  been  reinforced  by  findings  concerning  biphasic 
substantive  changes  of  tissues  in  the  course  of  alteration. 

The  demonstration  of  phasiclty  In  these  substantatlve  changes 
has  been  facilitated  by  the  use  of  quantitative  methods  of 
investigation*  Therefore,  primary  emphasis  has  been  given 
to  descriptions  of  biphasic  changes  in  viscosity  of  cyto¬ 
plasm  in  the  presence  of  various  influences,  as  reported  in 
the  monograph  of f;|eilbrunn  (1958),  Biphasic  changes  in  the 
absorption  of  vital  dyes  (reduction,  with  subsequent  increase) 
Vnco  l5y  Z.  P.  Zarakoskiy  and  S.  V.  Levin  (1950, 

A.  ^V*  Zhirmunskly  (1954,  1958),  B.  P.  Ushakov 
11954),  N.  V,  Gojpyina  (1955)  and  others.  Substantive  charges 
DC  detected  in  the  development  of  turbidity  of  tissues, 
nn  ^  reduction  in  the  degree  of  dispersion 

or  colloids  In  the  cytoplasm,  which  Is  one  of  the  basic  signs 
Of  paranecrosis  (Nasonov  and  Aleksandrov,  1940),  Therefoi^e 
quantitative  studies  of  changes  of  translucency  In  the  course 
of  alteration  of  tissues  have  become  of  central  interest. 
Preliminary  findings  In  this  direction  were  obtained  in  the 
laboratory  of  L.  L*  Vasil 'yev  and  A,  A.  Dobashlna  (1947). 

suggestion :pf  L,  L.  Vasil 'yev,  we  undertook  studies 
01  pe  changes  In  tiranslucency  of  muscles  upon  the  develop¬ 
ment  of  a  parabiotic  process. 

Methods 

optical  properties,  in  particular  mea¬ 
surements  of  the  transparency  of  tissues,  are  expedient  by 
virtue  of  the  fact  that  a  light  beam  of  small  Intensity, 
acting  on  the  tissues  for  the  short  period  of  time  necessary 
for  measurement,  does  not  influence  the  functional  state  of 
the  object  and  therefore  does  not  Introduce  any  significant 

are^au^t?^^pi2^^f®  experiment.  Optical  methods 

are  quite  sensitive  and,  moreover,  have  permitted  us  to  make 

measurements  on  one  and  the  same  preparation  from  the  very 
onset  of  alteration, 

+.V,  Experiments  were  set  up  on  the  dermo-sternal  muscle 
of  the  frog,  which  consists  of  one  to  two  layers  of  muscle 
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fibers  which  are  uniform  in  thickness  and  almost  colorless. 
The  very  slight  thickness  of  the  muscle  permits  quick  pene¬ 
tration  of  chemical  agents  into  it  and  virtually  simultaneous 
alteration  of  all  the  component  fibers.  Parabiosis  of  the 
muscle  was  caused  by  pressure,  by  the  application  bf  a  direct 
current,  and  by  solutions  of  caffeine,  chloral  hydrate,  ethyl 
alcohol,  potassium  chloride,  and  calcium  chloride.  All  these 
solutions  were  prepared  in  Ringer* s  solution.  The  choice  of 
altering  agents  was  determined  by  the  fact  that  the  parabi¬ 
otic  process  which  they  elicit  has  been  well  studied  in  the 
laboratory  of  N.  Ye,  Vvedenskiy,  ■■ 

The  muscles  Wefe  placed  in  a  Special  glass  container 
fitted  with  a  profusion  apparatus  which  permitted  quick  re¬ 
placement  of  the  Rliiger's  solution  in  the  container  with  a 
solution  of  modifying  agent,  A  beam  of  light  of  constant 
intensity  was  passed  through  the  container  with  the  muscles. 
Measurements  were  made  of  the  original  strength  of  the  light 
passing  through  the  contained  holding  the  muscles,  as  well 
as  of  its  changes  in  the  process  of  alteration.  For  measur¬ 
ing  the  strength  of  the  light  we  used  the  ionic  contrast  ap¬ 
paratus  IK-1,  one  division  of  the  scale  of  which  corresponded 
to  1  X  10”5  International  candies.  The  apparatus  consisted 
of  the  photomultiplier  PEU-1,  a  rectifier,  and  an  amplifier 
in  bridge  assemblage.  In  the  course  of  the  experiment  we 
measured  turbidity  in  percentage  of  the  original  level,  . 
Control  experiments  showed  that  within  six  to  seven  hours 
muscles  kept  in  isometric  conditions  become  turbid  without 
any  outside  Influence,  Within  the  first  hour  after  prepara¬ 
tion,  there  was  a  negligible  variation  in  the  translucency 
of  the  muscles.  Therefore,  the  experiments  were  begun  with¬ 
in  60  to  90  minutes  after  preparation  and. were  continued  not 
longer  than  five  to  five  and  a  half  hours.  With  this,  the 
variations  in  translucency  in  control  muscles  did  not  exceed 
two  to  four  percent  of  the  original  level.  In  all,  we  ran 
about  800  experiments. 


Changes  in  the  Translucency  of  Muscles  Following  Compression 
and  Following  Exposure  to  Chemical  AgCnts  “ 

The  most  clear-cut  results  were  obtained  with  compres¬ 
sion  and  with  the  use  of  non-electrolytes,  A  30-second  com¬ 
pression  with  the  aid  of  a  special  compressor,  described  in 
the  work  of  M.  A.  Rayevskaya  (19^8)  was  applied. to  a  thin 
ribbon  of  tissue  measuring  an  average  of  10  square  mlliimeters 
in  area.  In  distinction  from  the  experiments  with  chemical 
modifying  agents,  measurements  of  translucency  were  carried 
out  after  cessation  of  the  action  of  the  modifying  agents. 

This  set-up  of  the  experiments  was  Justified  by  the  fact  that 
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substantive  changes  in  muscle  tissue  following  mechanical 
action  continue  to  develop  during  the  course  of  many  hours 
after  discontinuation  of  compression,  (Rayevskaya,  1948) , 

The  curves  showing  the  changes  in  translucency  with  the  pas¬ 
sage  of  time  as  the  result  of  compression  of  different 
strengths  (Plg.  lA)  testify  to  the  fact  that  translucency  of 
muscles  undergoes  a  blphaslc  change.  The  average  values  for 
the  changes  in  translucency,  on  the  basis  of  which  the  graphs 
were  set  up,  both  here  and  in  a  subsequent  series  of  experi¬ 
ments,  are  statistically  reliable.  Weak  compression  (200 
gra/sq.  cm.)  Caused  an  Increase  in  translucency  with  subsequent 
restoration  of  the  original  level,  whereas  strong  compression 
(2000  gm/sq,  cm,)  caused  only  a  turbidity  of  the  muscles. 
Following  compressions  of  500  and  1000  gm/sq,  cm,,  an  ori¬ 
ginal  increase  in  transparency  was  superseded  by  an  irrever¬ 
sible  diminution  in  transparency.  As  shown  by  special  experi¬ 
ments  for  measurements  of  the  thickness  of  muscles  in  the 
course  of  alteration,  the  original  Increase  in  transparency 
cannot  be  attributed  to  loosening  of  the  tissues,  since  the 
original  thickness  of  the  muscles  was  re-established  within 
three  to  seven  minutes  after  application  of  compression. 

Changes  in  translucency  of  muscles  under  the  influ¬ 
ence  of  caffeine  are  also  distinctly  blphaslc.  In  Pig,  IB, 
curves  are  shown  which  Illustrate  the  changes  in  the  trans¬ 
parency  of  muscles  with  the  passage  of  time  following  expo¬ 
sure  to  solutions  of  caffeine  of  differing  concentrations. 

An  0,025  percent  solution  of  caffeine  causes  an  increase  in 
transparency,  and  delays  for  three  to  five  hours  the  onset 
of  spontaneous  turbidity  of  the  muscles.  An  Increase  in  con¬ 
centration  leads  to  a  blphaslc  change  in  translucency.  Caf¬ 
feine  in  concentrations  of  0,2  and  0,4  percent  causes  tur¬ 
bidity  of  muscles  without  prellmlziary  Increase  in  translucency. 
With  this,  the  rate  of  Increase  in  turbidity  is  greater  with 
the  more  concentrated  solutions ,  Replacement  of  the  caffeine 
solution  with  pure  Ringer’s  solution  leads  to  quick  restor¬ 
ation  of  the  original  level  of  transparency  in  cases  in  which 
the  transparency  of  the  altered  muscle  was  greater  than  the 
original.  Turbidity  of  muscles  caused  by  exposure  to  0,05, 

0,1,  and  0,2  percent  solutions  of  caffeine  is  also  reversible 
if  they  are  washed  within  five  to  15  minutes  after  the  on¬ 
set  of  turbidity.  In  this,  a  phase  of  Increased  translucency 
precedes  the  restoration  of  the  original  level  of  translu¬ 
cency. 

We  were  able  to  find  the  blphaslc  character  of  changes 
in  the  degree  of  dispersion  of  colloids  of  muscles  upon  alter¬ 
ation  by  caffeine  reported  only  in  one  study  (Baeyer  and  Mur- 
alt,  1934).  These  authors  believe  that  the  0,09  percent  solu¬ 
tion  of  caffeine  which  they  used  caused  immediate  turbidity  of 
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'musclesj  however,  from  the  protocol  of  their  experiments,  i 
it  would  seem  that  the  turbidity  was  preceded  by  an  in¬ 
crease  in  translucency  during  the  first  15  to  20  srlrmtes  of 
expcssure  to  the  altering  agent., 


Fig,  1,  Changes  in  the  Turbidity  of  Muscles  Upon  Altera¬ 
tion  by  Compression  and  by  Solutions  of  Non-elec¬ 
trolytes. 

A  —  After  a  30-second  compression  with  strengths  of:  1-200 
gm/sq.  cm,  3-1000  gm/sq,  cm.  and  4-2000  gm/sq,  cm.;  B  —  up¬ 
on  alteration  by  solutions  of  caffeine;  1-0.025JS,  2-0.05^, 
3-0.1^,  4-0.2^,  and  5-0,4^;  C  —  Upon  Chloral  hydrate.  Along 
the  abscissa  —  time  fi’om  the  beginning  of  alteration,  along 
the  ordinate  --  changes  in  turbidity  in  percentage  of  the 
original  level.  Arrows  indicate  washing;  dotted  lines  in¬ 
dicate  the  original  level  of  transparency.  A  and  B  —  the 
families  of  curves  for  different  doses  of  a  single  agent. 
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In  which  each  point  represents  the  arithmetic  average  of  5 
to  12  measurements. 

We  also  used  ethyl  alcohol  and  chloral  hydrate  as  mod¬ 
ifying  agents.  Among  the  nimierous  works  devoted  to  the  ef¬ 
fects  of  narcotics  on  the  physical-chemical  properties  of 
cytoplasm,  there  were  also  studies  in  which  description  was 
given  of  a  blphaslc  character  of  the  paranecrotic  reaction 
to  modification  by  alcohol  and  chloral  hydrate.  Romanov 
(1949)  described  a  phase  of  reduction  in  the  absorption  pro¬ 
perties  of  nerve  cells  in  the  course  of  restoration  of  normal 
absorption  following  exposure  to  alcohol.  A  phase  of  reduc¬ 
tion  in  the  staining  properties  of  sartorlus  muscle  during 
the  first  30  minutes  of  exposure  to  4,5  percent  alcohol,  and 
during  the  first  60  minutes  of  exposure  to  0,25  percent  chlor¬ 
al  hydrate,  has  been  described  by  B.  P.  Ushakov  (1954) . 

Since  the  reduction  in  absorption  properties  coincided  in 
time  with  an  Increase  in  the  rheobase  and  with  a  shortening 
of  the  chronaxle,  then  this,  in  the  opinion  of  the  author, 
is  a  substantive  expression  of  the  first  phase  of  the  para¬ 
biotic  process. 

In  19  of  the  22  experiments  which  we  ran  using  4.5 
percent  ethyl  alcohol,  and  in  all  20  experiments  with  0.25 
percent  chloral  hydrate,  biphaslc  changes  developed  in  the 
translucency  of  muscles  (Fig.  1,  C  and  Pig.  1,  D) .  The  in¬ 
itial  increase  in  translucency  lasted  for  30  to  40  minutes 
in  the  case  of  alcohol  and  for  50  to  70  minutes  following 
exposure  to  chloral  hydrate,  after  which  turbidity  of  the 
muscles  developed,  A  phase  of  Increased  turbidity  may  also 
be  seen  in  the  course  of  restoration  of  the  original  trans¬ 
lucency  when  the  altering  agent  is  washed  away. 

It  was  of  particular  Interest  to  us  to  study  trans¬ 
parency  upon  exposing  muscles  to  potassium  chloride  and  cal- 
cl\Am  chloride,  since  the  parabiotic  process  caused  by  ions 
of  calcium  is  characterized  by  a  considerable  predomlnence 
of  the  first  phase,  and  that  caused  by  ions  of  potassium  by 
a  predomlnence  of  the  second  phase.  In  dark  field  studies 
of  isolated  nerve  cells  exposed  to  the  chloride  salts  of  po¬ 
tassium  and  calcium  (Ettisch  and  Jockims,  1927j  Goldenberg 
and  Vasil’yev,  1929),  it  was  shown  that  potassl\am  reduces  and 
calcium  increases  transparency.  However,  in  both  works, 
only  isotonic  solutions  of  salts  prepared  in  distilled  water 
were  used,  and  the  photographs  shown  in  the  articles  were 
made  not  earlier  than  an  hour  after  the  onset  of  exposure  of 
the  muscles  to  the  altering  agents.  Under  these  conditions, 
it  is  difficult  to  detect  phasicity  in  the  changes  of  disper¬ 
sion,  I.  Ye.  Kamnev  (1939^  1948)  showed  that  the  complex  of 
paranecrotic  changes  in  muscle  tissue,  including  luminescence 
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in  a  dark  field,  may  be  caused  by  the  action  of  potassium 
and  calcium,  that  is,  an  increase  in  light  scattering  is 
characteristic  of  the  action  of  both  of  these  agents. 

The  results  of  our  experiments  on  the  translucency 
of  muscles  following  exposure  to  the  chloride  salts  of  potas¬ 
sium  and  calcium  are  shown  in  Figure  2,  A  and  B.  Upon  ex¬ 
posure  to  weak  and  moderate  concentrations  of  potassium 
chloride,  the  translucency  of  muscles  changes  in  the  same 
way  as  in  solutions  of  the  non-electrolytes  which  we  studied. 

A  slight  increase  in  transparency  is  seen  upon  exposure  to 
0.05  and  0.1  percent,  solutions,  whereas  blphaslc  changes  in 
translucency  are  elicited  by  0.2  percent  solutions  of  pbtas- 
si\Am  chloride.  Beginning  with  the  0.5  percent  solution, 
there  is  a  secondary  translucency  of  muscles  after  a  1.5-hour 
alteration.  A  similar  secondary  translucency  is  seen  upon 
exposure  of  muscles  to  0,8  and  to  1  percent  solutions.  In 
cases  in  which  there  is  a  secondary  translucency  after  turbi¬ 
dity,  it  is  not  possible  to  detect  the  phase  of  increased 
translucency  at  the  beginning  of  alteration.  Some  evidence 
concerning  the  nature  of  l5he  secondary  translucency  is  given 
by  measurements  of  translucency  upon  washing  the  muscles 
with  Ringer's  solution.  If  this  washing  is  begun  during  the 
phase  of  primary  translucency,  the  original  level  of  trans¬ 
lucency  is  re-established  very  quickly  (Fig,  2,  C) .  The  wash¬ 
ing  begun  early  in  the  phase  of  turbidity  also  almost  always 
leads  to  restoration  of  the  original  level  of  transparency, 
the  establishment  of  which  is  preceded  by  a  phase  of  in¬ 
creased  transparency  (Fig.  2,  D ) ,  Washing  begun  during  the 
time  of  secondary  translucency  leads  to  an  abrupt  and  marked 
turbidity  of  the  muscles  (Fig,  2,  E)  Obviously,  the  disper¬ 
sing  influence  of  potassium  chloride  on  colloid  particles 
masks  the  turbidity  associated  with  the  denaturation  of  the 
muscle  proteins.  This "turbidity  appears  upon  washing.  The 
development  of  tvirbldity  after  removal  of  the  dispersing 
agent  has  been  described  in  a  number  of  works  (Lewis,  1927; 
Rumyantsev,  1932;  Kamnev,  1939) . 

Similar  changes  In  translucency  are  caused  by  exposure 
to  calcivim  chloride,  Which  we  used  in  a  range  of  concentra¬ 
tions  from  0.25  to  8  percent  (Fig.  2,  B) .  In  this  case, 
weak  solutions  (0.5  percent)  also  cause  an  Increase  in  trans¬ 
lucency;  however,  this  is  distinguished  by  considerably  grea¬ 
ter  duration  (six  to  seven  hours).  Beginning  with  one  per¬ 
cent  concentration,  calcium  chloride  causes  turbidity  of  the 
muscles,  which  is  followed  by  a  secondary  translucency  in  the 
case  of  four  and  eight  percent  solutions.  Just  as  in  the  case 
of  modification  by  potassium  chloride,  washing  the  muscles 
in  ;:iire  Ringer's  solution  during  the  phase  of  secondary  trans- 
lixcency  leads  to  quick  and  irreversible  turbidity  (Fig.  2,  F) . 
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Pig.  2.  Ch&ng6S  in  the  Turbidity  of*  Muscles  Upon  Exposure 
to  Potassium  Chloride  and  Calcium  Chloride* 

0  2^  potassium  chloride:  1 

2^2^^ ^  -  0,5S^,  and  5  -  1%}  B  —  Upon 
alterati^  by  solutions  of  calcium  chloride:  1  -  0,5$^,  2  - 

ifahLnf^e  Jh"  5  -  8^;  C,  D,  E  and  P  —  Reestab¬ 

lishment  of  the  original  transparency  of  altered  muscles: 

u  --Alter  alteration  by  0.1^  potassliim  chloride,  D  —  0 
potaaaixiin  chloride,  E  —  0.5^  potassliun  chloride,  P  —  4^ 
calcium  chloride.  The  remaining  designations  are  the  same 

as  Xii  1# 

An  analysis  of  the .changes  in  the  transparency  of 

brthrfa!??®?h^?®^-i*^^''!?®®  electrolytes  is  complicated 
by  the  fact  that  the  action  of  electrolytes  on  tissues  is 

H  only  with  changes  asso- 

denaturatlon  of  tissue  proteins,  but  also  by 
the  effects  of  the  salts  on  the  charge  and  on  the  degree  of 
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hydration  of  colloid  particles,  as  well  as  with  the  compli¬ 
cating  Influence  of  hypertonlclty  of  salt  solutions.  In 
various  experiments,  one  or  another  of  these  factors  may  be 
of  preponderant  Influence. 

Exposure  to  weak  solutions  of  chemical  substances  In 
concentrations  causing  an  Increase  In  translucency  of  mus¬ 
cles  considerably  postpones  the  onset  of^thelr  spontaneous 
turbidity.  It  Is  Interesting  to  compare  this  fact  with  the 
findings  of  M*  B.  Klro  ( 195^)*  who  showed  that  weak  solutions 
of  modifying  agents  caused  a  prolongation  of  the  survival 
time  of  muscles  as  compared  with  their  survival  In  pure 
Ringer's  solution.  Concentrations  of  ethyl  alcohol,  chloral 
hydrate,  and  calcium  chloride  causing  an  Increase  In  the  sur¬ 
vival  time  of  buScles  as  compared  with  survival  in  Ringer's 
solution,  proved  to  be  the  same  as  the  concentrations  caus¬ 
ing  an  Initial  Increase  in  translucency  and  postponing  the 
onset  of  spontanOous  turbidity  of  muscles.  In  our  experi¬ 
ments,  these  concentrations  were  as  follows;  for  alcohol  - 
4.5  percent,  for  chloral  hydrate  -  0.25  percent,  for  calcium 
chloride  -  0.5  percent;  in  the  experiments  of  M.  B,  Klro  on 
the  sartorlus  muscle,  the  concentrations  were  as  follows: 

4-5  percent  for  alcohol,  0.05-0.2  percent  for  chloral  hydrate, 
and  0,3-0, 4  percent  for  calcium  chloride. 

Changes  In  Translucency  Upon  Exposure  to  a  Direct  Current 

The  effects  of  direct  current  as  a  modifying  agent  on 
living  substance  have  been  the  object  of  study  of  an  exten¬ 
sive  and,  to  a  considerable  extent,  contradictory  literature. 
There  are  conflicting  data  concerning  the  problem  of  changes 
In  translucency  of  tissues  In  the  region  of  application  of 
the  anode  and  cathode.  Kamnev  (1939,  1941,  1949)  showed 
that  the  passage  of  a  direct  current  through  muscle  and  cor¬ 
nea  leads  to  the  development  of  a  paranecrotic  reaction  in 
the  area  of  application  of  both  poles.  In  the  area  of  the 
anode,  changes  In  the  staining  properties  and  in  luminescence 
In  the  dark  field  (which  testifies  to  a  reduction  of  the  dis¬ 
persion  of  colloids)  developed  with  currents  of  great  strength 
and  long  application  to  a  greater  extent  than  In  the  area  of 
application  of  the  cathode.  Conflicting  results  (an  Increase 
In  the  degree  of  dispersion  of  colloids  at  the  cathode  and  a 
reduction  at  the  anode)  have  been  obtained  by  Tobias  and  his 
associates  in  non-vertebrate  nerves  (Tobias,  1950,  1952; 

Tobias  andSolomon  1950,.. and  others).  Despite  this  fact,  both 
Kamnev  and  Tobias  consider  the  chief  causes  of  changes  In 
translucency  to  be  hypotonia  in  the  cathode  area  and  hyper-: 
tonla  in  the  anode  area,,  Tobias  believes  that  entry  of  water 
into  the  cell  leads  to  an  increase  In  the  degree  of  dispersion 
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of  ctyoplasmlc  colloids,  while  Komnev  believes  that  there  is 
a  reduction  in  dispersion  under  the  Influence  of  hypotonl- 
city.  In  the  opinion  of  Kamnev,  an  excess  of  water  in  the 
cell  reduces  the  concentration  of  the  salts  which  maintain 
the  necessary  level  of  dispersion  of  protein  colloids  under 
normal  cohditions. 

Our  findings  confirm  Kamnev's  data;  the  use  of  the 
quantitative  method  of  study  has,  moreover,  enabled  us  to 
discover  phasic  changes  in  translucency  upon  exposure  of  the 
tissues  to  a  direct  current.  Current  of  a  strength  of  0;017 
to  2.0  mllllamps  was  applied  to  a  muscle  with  the  aid  of  non- 
polarizing  electrodes  (Zn  -  ZnOii) .  Two  woolen  threads  mois¬ 
tened  with  Ringer’s  solution  and  measuring  0.2  mm.  in  diameter 
were  applied  to  a  muscle  at  a  distance  of  7  mm.  from  each 
other,  perpendicular  to  the  long  axis  of  the  muscle.  In  dis¬ 
tinction  from  experiments  using  chemical  modifying  agents, 
we  were  unable  to  conduct  measurements  during  the  time  of 
action  of  the  current.  Therefore,  polarization  was  effectu¬ 
ated  for  periods  of  1,  5>  10,  20,  40  and  60  minutes.  Immed¬ 
iately  after  discontinuing  the  current,  the  electrodes  were 
removed  and  the  translucency  under  the  anode  and  under  the 
cathode  was  measured.  Each  experiment  yielded,  for  the  anode 
and  the  cathode,  only  one  figure  characterizing  the  action 
of  a  current  of  given  strength  over  a  given  interval  of  time. 
The  curves  showing  the  dependency  of  translucency  on  time  of 
action  of  the  current  are  constructed  on  the  basis  of  552  mea¬ 
surements. 

In  the  area  of  application  of  the  anode,  blphasic 
changes  were  observed  in  translucency  which  were  similar  to 
those  obtained  following  exposure  to  chemical  altering  agents 
(Pig.  3,  A) .  A  slight  increase  in  translucency  appeared  af¬ 
ter  40  minutes  of  application  of  a  current  of  O.067  milll- 
araps  or  after  ten  minutes  of  administration  of  a  current  of 
0.125  mllllamps.  A  stronger  current  (0.25  mllllamps)  caused 
bphaslc  changes  in  translucency.  Further  intensification 
of  the  current  led  to  turbidity  of  muscles  without  an  ini¬ 
tial  increase  in  translucency. 

In  the  area  of  application  of  the  cathode  (Pig.  3,  B) 
turbidity  appeared  even  with  a  current  of  0.034  mllllamps. 
There  was  no  increase  in  translucency  at  the  beginning  of  the 
action,  which,  perhaps,  is  due  to  the  imperfection  of  our 
^ethods.  The  probability  of  this  explanation  is  confirmed 
by  the  fact  that,  upon  the  action  of  the  cathode,  the  pri¬ 
mary  phase  of  the  parabiotic  process  also  is  very  mild  and 
brief  (Golikov  and  Merkulov,  1935).  The  absence  of  any  slg- 
nlgicant  differences  in  the  effects  of  the  two  poles  on  the 
stimulablllty  of  the  nerve  can  be  demonstrated  only  under 
special  conditions:  at  low  room  temperatures  and  with  brief 
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Fig.  3.  Changes  in  the  Tiirbldlty  of  Muscles  Upon  Adminis¬ 
tration  of  a  Direct  Current, 

A  in  the  area  of  application  of  the  anode:  1  —  strength 
of  current  0,067  ma.,  2  —  0.125  ma,,  3  —  0,25  ma,,  4  — ■ 

0,5  isa,,  5  —  1,0  ma.,  6  --  2,0  ma.i  B  —  in  the  area  of  ap¬ 
plication  of  the  cathode:  1  —  strength  of  current  0,03^  ma,, 
2  —  0,067  ma.,  3  —  0,125  ma.,  4  —  0,25  ma,,  5  —  0,5  ma,, 
6  —  1,0  ma,,  7  —  2.0  ma,j  C  • —  restoration  of  the  original 
translucency  of  muscles  after  discontinuation  of  polariza¬ 
tion  of  it  with  the  cathode:  strength  of  current  0.5  ma,, 
time  of  application  five  minutes;  B  —  changes  in  trans- 
lucency  of  cornea  in  the  area  of  application  of  the  cathode: 

1  —  strength  of  oiirrent  0,015  ma,,  2  --  O.06  ma.,  3  — 

0,12  ma,,  4  —  0,25  ma,,  5  — *  0,5  ma,,  6  —  1,0  ma,,  7  — 

2,0  ma.;  E  —  changes  in  translucency  of  cornea  in  the  area 
of  application  of  the  anode:  1  —  strength  of  current  0,12 
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ma,,  2  —  0,25  ma.,  3  —  0,5  ma.,  4  —  1.0  ma,,  6  —  4.0  ma. 
Remaining  designations  same  as  in  Fig,  1. 

exposures  to  a  very  weak  current  (Ushakov,  Averbakh, 
Suzdal‘skaya,  Troshlna,  Cherepanova,  1953).  An  increase  in 
translucency  as  the  result  of  the  action  of  the  cathode  is 
seen  after  discontinuation  of  the  current  and  prior  to  the 
development  of  primary  translucency  (Fig,  3,  C).  It  is  inter 
estlng  to  note  that,  with  a  brief  exposure  to  a  weak  current, 
there  ard  rather  pronounced  individual  differences  in  the 
transparency  of  muscles,  whereas  with  a  stronger  and  more 
prolonged  current,  these  differences  become  equalized  and 
the  results  of  the  experiments  become  more  constant. 

The  reversibility  of  changes  caused  by  polarization 
depends  on  the  strength  of  the  current  and  on  the  duration 
of  exposure,  and  reversal  of  the  direction  of  the  current  ac¬ 
celerates  reversion  of  translucency  to  its  original  level 
(Kamnev  1941) .  Our  experiments  completely  confirmed  this 
fact.  The  restoration  of  the  original  translucency  of  the 
muscles,  the  light  transmission  of  which  was  Increased  by 
the  action  of  the  anode,  may  be  considerably  accelerated  by 
the  application  of  a  cathode.  Upon  polarization  by  a  cathode 
which  causes  turbidity  which  is  spontaneously  reversible,  a 
change  in  the  direction  of  the  current  accelerates  the  pro¬ 
cess  of  restoration  by  a  factor  of  three  to  six  times.  Pro¬ 
longed  (one  to  one  and  a  half  hours)  application  of  the  anode 
to  the  muscle  in  a  state  of  cathode  turbidity  which  is  not 
spontaneously  reversible  (strength  of  current  1,0  ma.  for 
more  than  40  minutes),  also  leads  to  restoration  of  the  trans 
lucency.  The  action  of  the  cathode  for  more  than  ten  minutes 
under  conditions  in  which  the  current  exceeds  2,0  ma,  causes 
turbidity  which  does  not  disappear  either  spontaneously  or 
upon  anodization.  The  intensity  and  duration  of  action  of 
the  current  necessary  for  restoration  of  the  original  trans¬ 
lucency  depend  on  the  depth  of  the  turbidity.  The  greater 
the  changes  in  translucency,  the  stronger  and  more  prolonged 
must  be  the  action  of  the  anodes.  However,  the  strength  of 
the  restorative  current  must  be  less  than  that  of  the  alter¬ 
ing  current.  Turbidity  caused  by  the  action  of  the  anode 
does  not  disappear  upon  the  action  of  the  cathode. 

Paranecrosis  is  a  non-specific  reaction  of  any  cell 
to  external  Influences  (Nasonov  and  Aleksandrov,  1940) .  From 
this  point  of  view,  we  were  interested  in  determining  whether 
non-conducting  tissues  would  react  to  the  administration  of 
an  electric  current  with  the  same  phasic  changes  in  translu¬ 
cency  as  muscles. 

As  our  experimental  object  we  selected  the  cat  cornea; 
the  turbidity  of  corneas  of  different  animals  upon  exposure 
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n 4 '"'-'"IT  V A/wx-  ejtperxinenTis  itfere  dup- 

llcations  of  the  exporiments  of  Karanev,  with  objective  quan¬ 
titative  recordi^  of  the  changes  to  translucency,  and  com¬ 
pletely  confirmed  hi®  results.  ’We  were,  moreover,  able 

phase  of  heightened  transiucency  in  the  area 
application  of  the  anode, 

Polarlzatilpn.  was  carried  out  for  1,  10,  30  and  66  min- 
fSm  from  O.OiS  to  4.0  ma.  Curves  constructed 

measurements  were  graphed  in  the  same  way  as  for 
muscles.  Upon  the  application  of  a  direct  current  of  0.015 

detect  any  changes  in  transiucency  of 
the  cornea  in  the  area  of  the  cathode  (Pie;.  3  n)  qtrnno-<::»r» 

caused  the  appearance  of  the  ’'cathode^ 
Karanev  and  Prokof»yeva  t  1941),  in' 

occurred  the  more  quickly  the?  stronger  the  current. 
Just  as  in  the  case  of  muscles,  we  did  not  observe  a  phase 

polarization 

following  the  application  of  a  cathode.  However,  this  phase 
could  be  Observed  in  the  .  course  of  restoratlonf  the  o??g?! 

after  discontinuation  of  the  current.  The 
between  the  threshold  strengths  of  currents  cap- 
Sode  transiucency  of  the  cornea  unde? 

greater  than  in  the  case  of  muscles. 
Changeo  in  transiucency  under  the  anode  were  noted  with  cur- 

fo  12  E)..  -With  weak  currents: 

ti^ariJ  observed  as  small  but  statls- 

reliable  Increases  in  transiucency  of  the  cornea  un- 
anode.  With  further  increases  in  current  strength 

transluSncJ^of^fh’^  observed:  an  initial  increase  in 
transiucency  of  the  cornea  was  superseded  by  turbldltv  of  it 

2.0  ma.  and  over  caused  tu?biSty  ?m-  ‘ 

mediately ,  a  pnase  of  increased  transiucency  is  observed  in 

co?r?ralL?^J:rJ"^"?'°"-  the_origlnal"??Lsp\?Liro? 

development  of  "anode  cataract".  An  ln- 

Such  greate?^???^”'^^  evident  and  the  turbidity 

Se^to^SiQ^oJ  cornea  than  in  muscles.  Experiments  on 

anode  111  original  transparency  with  the  aid  of 

Slcati^i  of  i  cofnea  rendered  tui^bld  following  ap- 

JLJ  ?hJ  With  ■nuaol..  It  is  Inteieat^^'^^o  nole 

that  the  Intensity  of  "anode  cataract”  may  be  reduced  with 
subsequent  epplloatlon  of  a  weak  current  in  the  SMe 

of  dlreot^rarreJt  observed  after  application 

expression  Of  apparently  a  substantive 

tSatfon  of  L.!S’  physiologic  electrotonla.  The  res¬ 

toration  of  transparency  described  by  Kamnev  and  confirmed 
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ioMlng  i"  *“''■=“  tlasuea  fol- 

1-0  i-vif  PPlication  of  the  anode,  correspond.  It  would  seem 

InT^'T’  ^3“®'  and  others) /®Bl“as?rchangla 

In  transluoenoy  In  'the  area  of  application  S  thl  LSS 
may  be  compared  with  the  evolutlSS  o?  aneleoL^L?^  ard 

Ell“S?LcWof ^  anode‘5ep?fslLrlve 

ing  weaf anode  poiLSat^or  "  turbidity  follow- 

siisipllllig; 

s  ifif 

tioS  n?  ho?H  pressure  and  the  indices  of  refrac- 

case  of  muscles^  the^Slatlon^h^f medium,  in  the 
f-r^nni  ^  ^  a  ^  3i*elatlon  betv^een  tns  magnitude  of 

SSrSlnS  to”ibe‘??‘’^?  importance!  Ho«!Zr 

of  this  InterrelatlonshlD  occur  ^ , I'^V^^ovskaya  (1949),  changes 
Therefore  finHincpo  occur  only  in  tetanic  contraction, 

upoT£?:ia?lSfSgL?°ce“?Sn®c!nd?f!!ns‘'rJ"«’’‘  t"«"“l»Pl°n. 

\%\Tr 

vSnraent’of  1"  ®  "“"o'-  °f  oaseS?  de- 

ii!d!f  ^o^jg^ri 

u!n“fn'?h“fl;LJpw!f!f°"V'’f reSuc- 

and  a  Peduotlon  In  polarllatlJrfK^aMnatljiTl!" 

served  in  lleht^t-r^nJ^f  compare  the  changes  which  we  cb - 

StS^lndS??oforieSn?*  (^934f eSabnshffthat, 

the  process  of  Idol optical  properties  of  muscles  in 
sShaL'!!  Ind  5opl!rt  noS?f o^^i’lod  °nt  by 

der  certain  o?ndltlJns  orreoOTdlnr^stlmSlJ?- 
13  associated  with  Initial  reducSfi  an? sSJ^^SeS  S!?el!e 
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in  light  scattering.  Phasic  changes  in  the  transparency  of 
muscles  (Increase  at  the  time  of  initial  relaxation  and  tur¬ 
bidity  upon  contraction)  have  been  described  also  in  the 
works  of  Hill  (1948,  1949).  The  coincidence  of  changes  in 
optical  properties  upon  alteration  and  upon  stimulation  of 
muscle  tissues  is  apparently  not  purely  due  to  change.  If 
this  be  so,  then  such  coincidence  once  again  confirms  the 
notion  of  the  common  nature  of  local  and  spreading  stimula¬ 
tion.  (Vvedenskiy,  1901;  Nasonov,  1959). ■ 

In  conclusion  I  wish  to  express  my  gratitude  to  my  sup¬ 
ervisor,  Leonid  Leonidovich  Vasil *yev  for  his  constant  in¬ 
terest  and  assistance  during  the  execution  of  this  work,  and 
to  Agrlplna  Andreyevna  Dobashlna  for  her  help  in  setting  up 
the  experiments. 

Conclusions 

4  -1.  in  the  course  of  the  parabiotic  process 

in  light  transmission  of  the  dermostarnal  muscle  of  frogs 
caused  by  compression,  caffeine,  chloral  hydrate,  ethyl  alco- 
hol,  potassium  chloride,  calcihm  chloride,  and  the  adminis¬ 
tration  of  a  direct  current,  were  detected  with  the  aid  of  a 
photomultiplier. 

T4  1,4.  4.^*  development  of  the  parabiotic  process, 

light  transmission  changes  in  blphaslc  fashions  an  initial 
increase  in  translucency  is  superseded  by  turbidity  of  the 

changes  are  reversible,  and  an  increase  in 
light  transmission  may  be  observed  after  discontinuation  of 
exposure  to  the  altering  Influence, 

3,  Biphaslc'  changes  in  translucency  are  seen  best 
upon  alv^eration  with  solutions  of  non-electrolytes  and  with 
compression.  In  these  cases,  the  changes  are  apparently  con- 
neccod  With  blphaslc  changes  in  the  degree  of  dispersion  of 
the  ctyoplasmlc  colloids. 
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The  Dally  Periodicity  of  Mitoses  In  the  Merlstems  of  Barley 

V.  G.  Grlf 

The  Laboratory  of  Cytology  of  the  Botanical  Institute  of  the 
Academy  of  Sciences  USSR,  Leningrad 

The  periodicity  of  processes  of  growth  In  plants  dur¬ 
ing  the  course  of  the  day  Is  a  phenomenon  which  Is  well  known 
In  the  botanical  literature.  Considerably  less  study  has  been 
given  to  the  periodicity  of  mitotic  activity  in  plants  dur¬ 
ing  the  course  of  the  day,  although  the  first  work  devoted 
to  a  study  of  this  problem  appeared  at  th6  beginning  of  the 
present  century  (Lewis,  1901;  Kellcott,  1904).  Studies  of 
the  periodicity  of  cell. division  Were  made  primarily  on  the 
merlstems  of  root  tips  “(Priesner,  1920,  Ono,  1937,  Movses- 
yan,  1951;  Hageman,  195o) ,  and  only  a  few  works  were  devoted 
to  a  study  of  the  periodicity  In  the  merlstems  of  the  vege¬ 
tative  cones  of  the  stalks  (Karsten,  1915;  Rotta,  1948), 

Despite  the ^f act  that  there  are  a  number  of  works  on 
the  experimental  sl5udy  of  the  causes  of  periodicity,  there 
is  no  unified  point  of  view  on  this  problem.  Certain  authors 
believe  that  the  periodicity  of  mitotic  activity  is  an  endo¬ 
genous  process,  which  is  Independent  of  external  conditions 
(Prlesner,  1920),  Qtherspolnt  to  a  direct  dependence  between 
the  periodicity  of  mitotic  activity  and  the  changes  of  ex¬ 
ternal  conditions  during  the  course  of  a  day  (Lewis,  1901; 
Karsten,  1918) .  A  number  of  authors  conducting  studies  bas¬ 
ically  on  roots  or  sprouts  did  not  in  general  observe  any 
marked  periodicity  (Iflnter,  1929;  Rotta,  1949;  Hageman,  1956), 
which  must  probably  be  explained  by  the  type  of  nutrition  pro¬ 
per  to  growing  seedsJ,  Growing  seeds  which  receive  nutritive 
substances  from  the  endosperm  or  from  the  cotyledons  show 
little  dependence  on  variations  in  tempei’ature  and  illumin¬ 
ation,  whereas  the  adult  organism,  having  reached  an  indepen- 
dant  stage  of  nutrition,  depends  entirely  on  external  condi¬ 
tions,  primarily  on  changes  in  illuminatlonc 

There  is  also  controversy  concerning  the  time  of  max¬ 
imum  and  minlmvim  mitotic  activity,  and  there  are  no  simul¬ 
taneous  studies  whatsoever  of  the  periodicity  of  mitotic  ac¬ 
tivity  in  the  merlstems  of  root  tips  and  the  vegetative  cones 
of  stalks. 

The  present  work  is  devoted  to  a  simultaneous  study 
of  the  periodicity  of  mitoses  in  the  merlstems  of  the  vege¬ 
tative  cones  of  root^  and  stalks.  This  study  is  concerned 
only  with  the  intensity  of  cell  division  and  not  with  the  in¬ 
crease  in  size  of  rop-ts  and  stalks,  since  it  is  well  known 
that  during  the  periods  of  maxiraxim  intensity  of  cell  divi- 
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time  of 


Sion,  geometric  growth  (that  Ib,  the  Increase  in  size  of 
organs)  is  minimal,  and  vice  versa  (Kellcott,  1904,  Fries- 
ner,  1920) . 


TABLE 


The  Periodicity  of  f-iitotlc  Activity  In  the  Merlatems  of  the 
Vegetative  Cones  of  Barley  in  the  Course  of  the  Day 


Methods 

Poi-  the  purposes  of  this  study  kg'  used  barley  of  the 
’’Chervonets”  variety,  the  seeds  of  which  were  obtained  from 
the  All“Union  Institute  of  Plant  Cultivation.  Planting  in 
open  ground  was  carried  out  at  two  different  times,  at  an 
interval  of  seven  days.  Fixation  of  the  material  for  both 
times  of  seeding  was  carried  out  on  the  Tth  and  8th  of  June 
1996t  for  the  first  date  of  seeding,  ten  days  after  the  ap¬ 
pearance  of  sprouts  during  the  phase  of  the  fourth  leafj 
for  the  second  date  of  seeding,  four  days  after  the  appear¬ 
ance  of  sprouts  in  the  phase  of  the  second  leaf.  Fixations 
v^aro  made  periodically  over  a  course  of  30  hours  at  inter¬ 
vals  of  three  hours.  Fixation  of  roeristems  of  vegetative 
cones  of  roots  and  stalks  was  carried  out  simultaneously , 
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^Each  periodic  fixation  required  10  to  ,l6  mlnutep*  The  ma-  ' 
teriai  was  fixed  as  described  by  Navashina  (10:4:1).  At 
the  sane  tinie  we  recorded  the  temperature  of  the  air  (at 
the  level  of  the  soil)  and  of  the  soil  at  a  depth  of  ten  to 
twelve  cm.  (Fig*  l) .  Night  time,  during  the" time  when  we 
were  making  fixations*  lasted  from  10:30  PM  \mtil  3*30  in 
the  morning* 


Pig*  1,  Curves  of  Intensity  of  Cell  Oivlsion  in  the  Growth 
Cones  of  the  Stalk  and  Root,  and  of  the  Tempera-  , 
tures  of  Air  and  Soil  at  Different  Times  of  the  Day, 

Along  the  abscissa  —  time  of  day;  along  the  ordinate  — :  for 
curves  1  and  2,  temperature;  for  the  remaining  curves  --  in*- 
tensity  of  cell  dision  (in  percent  of  the  total  niamber  of 
cells).  1  —  temperature  of  the  air  at  ground  level,  2 
temperature  of  the  soil  at  a  depth  of  10  to  12  cm.,  3  — 
intensity  of  cell  division  of  the  stalk  dxiring  the  phase  of 
the  second  leaf,  4  — •  Intensity  of  cell  division  of  the  root 
during  the  phase  of  the  second  leaf,  5  --intensity  of  cell 
division  of  the  stalk  during  the  phase  of  the  fourth  leaf, 

6  —  intensity  of  cell  division  of  the  root  during  the  phase 
of  the  fourth  leaf* 

Prom  our  fixed  material,  we  prepared  regular  prepa¬ 
rations  according  to  the  usual  cytologic  methods*  Sections 
of  12  microns  thickness  were  stained  with  iron  hematoxylin 
by  the  Heidenhaln  method  or  by  the  Peulgen  method,  with  a 
light  green  counter- stain* 

Studies  of  the  preparations  were  made  with  the  aid  of 
a  tracing  apparatus  under  strictly  reproduced  conditions. 

In  each  fixation,  counts  were  made  of  the  total  number  of 
cells  and  of  the  number  of  mitoses  per  microscopic  field  in 
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five  central  sections  of  five  roots  and  of  five  vegetative 
cones  of  stalks.  Counts  were  made  in  identical  parts  of 
these  organs  (Fig.  2,  a  to  c) .  In  calculating  mitoses  in 
the  vegetative  cones  of  stalks,  we  used  a  great  coefficient, 
since  the  vegetative  cone  in  the  stalk  is  considerably  smal¬ 
ler  than  in  the  root. 

Our  results  can  be  seen  in  the  table,  which  gives  data 
on  the  number  of  dividing  cells  at  different  times  of  the 
day  in  percentages  of  the  number  of  cells  counted  in  five 
plants.  This  number  of  cells  is  feken  as  100  percent,  since 
the  number  of  cells  calculated  varies  in  different  fixations. 

Re  suit  s 

As  the  result  of  time  studies  of  the  intensity  of  cell 
division  in  the  merlstems  of  vegetative  cones  of  roots  and 
stalks,  we  discovered  that  under  normal  conditions  of  growth 
there  is  a  marked  periodicity  in  cell  division  in  barley. 

Maximum  and  minimum  nvimbers  of  dividing  dells  in  the 
merlstems  of  the  root  and  stalk  recurred  at  one  and  the  same 
time.  As  can  be  seen  from  the  table,  the  maximum  percent  of 
dividing  cells  in  the  merlstem  of  the  vegetative  cone  of  a 
root  occurred  at  6  PM,  reaching  33  percent,  and  the  minimum 
at  6  AM,  reaching  8  to  10  percent.  In  the  vegetative  cone 
of  the  stalk  the  times  of  maximum  and  minimum  mitotic  activ¬ 
ity  were  the  same  (6  PM  and  6  AM,  respectively),  but  the  var¬ 
iations  in  the  percent  of  dividing  cells  were  somewhat  less: 
in  plants  during  the  phase  of  the  second  leaf  there  were  va?- 
iations  from  19  to  4  percent,  and  in  plants  in  the  phase  of 
the  fourth  leaf,  variations  by  between  24  and  11  percent. 

Consequently,  the  periods  of  increase  and  decrease  in 
activity  of  cell  division  in  different  organs  of  the  plants 
coincide.  Moreover,  even  with  changes  in  the  intensity  of 
cell  division  in  the  vegetative  cones  of  stalks  in  connection 
with  the  transition  of  a  plant  into  a  succeeding  phase  of 
growth,  the  times  of  maximitfn  and  minimum  cell  division  re¬ 
mained  the  same. 

Consequently,  the  periods  of  increase  and  decrease  in 
activity  of  cell  division  in  diffe?vent  organs  of  the  plants 
coincide.  Moreover,  even  with  changes  in  the  Intensity  of 
cell  division  in  the  vegetative  cones  of  stalks  in  connec¬ 
tion  with  the  transition  of  a  plant  into  a  succeeding  phase 
of  growth,  the  time  of  maximum  and  minimum  cell  division  re¬ 
mained  the  same, 

A  more  intensive  cell  division  in  the  vegetative  cones 
of  stalks  during  the  phase  of  the  fourth  leaf,  as  compared 
with  the  phase  of  the  second  leaf,  was  seen  in  all  fixations. 
With  changes  in  age  of  the  plants,  upon  transition  of  plants 
from  the  vegetative  phase  of  growth  (Figure  2a)  into  the  gen- 
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eratlve  phase  of  growth  (Figure  2b)  >  the  percentage  of 
viding  cells  in  the  vegetative  cones  of  the  stalk  increased 
by  an  average  of  5.5  percent,  m This  increase  was  statistic 
cally  reliable.  In  the  vegetative  cones  of  the  root,  no  such 
change  in  the  intensity  of  cell  division  was  observed. 


Fig.  2,  Vegetative  Cones  of  Stalks  in  Phases  of  the  Sec¬ 
ond  (a)  and  Fourth  (b)  Leaves  and  of  the  Root  (c) 
in  Barley  (Schematic  Representation), 

Circles  indicate  those  parts  of  the  cones  in  which  counts  of 
cells  were  made. 

As  can  be  seen  from  the  findings,  we  observed  only  one 
maximum  and  one  minintusi  in  the  course  of  a  day j  however,  in 
the  majority  of  works  studying  the  periodicity  of  cell  divi¬ 
sion,  there  is  evidence  of  the  presence  of  two  maxima  and 
two  minima  in  the  course  of  twenty-four  hours.  The  presence 
of  only  one  maximum  In  our  case  may  probably  be  explained  by 
the  considerable  duration  of  the  light  period  of  the  day 
(darkness  from  10:30  PM  to  3:30  AM,  that  is,  only  five 
hours) . 

As  is  known,  the  tiroes  of  maximum  and  minimum  cell  di¬ 
vision  ar®  different  in  different  plants,  but  there  is  no 
definite  moment  when  the  number  of  dividing  cells  in  maximum 
or  rainimiim:  each  species  probably  possesses  its  own  rhythm. 
Which,  moreover,  may  change  with  changes  in  external  condi¬ 
tions.  Rises  and  falls  in  cellular  division  do  not  depend 
on  variationE  in  temperature,  since  it  is  obvious  from  Pig, 

1  that  an  increase  in  the  number  of  mitoses  comes  on  earl¬ 
ier  tijan  does  a  rise  in  temperature:  the  number  of  mitoses 
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begins  to  increase  at  6  AM,  whereas  an  increase  in  the  tem¬ 
perature  of  the  air  does  not  begin  until  9  o'clock,  and  not 
until  later  at  a  depth  of  10  to  12  cm,  in  the  soil.  More¬ 
over)  as  can  be  seen  from  the  table  and  the  graph,  the  range 
of  variation  of  the  number  of  mitoses  in  the  roots  is  con¬ 
siderably  greater  than  in  the  merlstem  of  the  vegetative  cone 
of  the  stalk,  although  variations  In  temperature  of  the  soil 
at  a  ddptn  of  10  to  12  cm,  were  considerably  less  than  the 
variations  in  temperature  of  the  air  and  did  not  exceed  5°C. 
Hence, 'it  is  obvious  that  temperature  is  not  a  decisive  fac¬ 
tor  in  the  periodicity  of  cell  division. 

^  It  may  be  suggested  that  the  periodicity  of  cell  di¬ 
vision  depends  oh  the  periodicity  of  light  conditions,  al¬ 
though  this  dependancy  obviously  is  not  a  dj.rect  one  but  an 
indirect  one:  through  the  Influence  of  light  on  the  metabol¬ 
ism  of  plants. 


Conclusions 

1,  Under  natural  conditions  of  growth,  barley  exhi¬ 
bits  a  marked  dally  periodicity  in  cell  division  with  one 
maximum  and  one  minimum  of  division « 

2,  In  the  meristems  of  the  stalks  and  the  roots, 
maxlmtim  and  mlnlmiim  numbers  of  m.itoses  are  seen  at  one  and 
the  same  time.  Consequently,  the  periods  of  rise  and  fall 
in  activity  of  cell  division  coincide  in  different  parts  of 
the  plant. 

3,  With  changes  in  the  age  of  the  plant,  the  intens¬ 
ity  of  cell  division  changes  in  the  vegetative  cones  of  the 
stalk  but  does  not  change  in  the  merlstem  of  the  root, 

4,  Even  with  changes  in  intensity  of  cell  division 
in  the  vegetative  cones  of  the  sta3.k  in  connection  with 
transition  of  the  plant  into  a  subsequent  phase  of  growth, 
the  dates  of  maximum  and  minimum  cell  division  remain  the 
same . 

5,  Temperature  is  not  a  decisive  factor  in  the  per¬ 
iodicity  of  mitoses  in  plants. 
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The  Effects  of  Different  Concentrations  of  Ethyl enedi amine 
Tetra-Acelic  Acid  on  the  Microsporeu  of  Tradescanlla 

Pallutlooa 

Ne  Lo  Dei one 

The  Laboratory  cf  Radiation  Genetics  of  the  Institute  of 
Biophysics  of  the  Academy  of  Sciences  USSR,  Moscow 

It  has  recently  been  shown  in  a  number  of  works ‘that, 
following  exposure  of  living  cells  to  ethyl enedi amine  tetra- 
acetic' acid,  there  are  reorganizations  of  the  chromosomes 
(Mazia,  1954;  Levine,  1955;  Wolff  and  Lulpf)d*.d,  1956;  Kauf- 
mann  and  MacDonald,  1957;  Sax,  195? )o  The  mechanism  of 
action  of  this  complex  consists  in  the  binding  of  bivalent 
cations,  calcium  and  magnesitim,  in  highly  stable  chelated 
compounds#  Mazia  (1954)  stated  that  ethyl enediamine  tetra- 
acetic  acid  acts  specifically  on  chromosomes,  extracting 
calcium  and  magnesium  from  them.  Starting  with  the  fact  that 
ethylenediamlne  tetra-acetic  acid  (EDTA)  causes  fragmentation 
of  chromosomes,  he  developed  the  following  scheme  of  the 
structure  of  chromosomes:  blocks  of  nucleoproteins  intercon¬ 
nected  with  calcium  and  raagnesiimi  ions,  Hoxvever,  the  opinion 
exists  (Kaufmann  and  MacDonald,  1957)  that  EDTA  docs  not  act 
specifically  on  chromosomes  but  causes  disruption  of  the 
general  metabolism  in  the  cell,  due  to  which  changes  may 
occur  in  the  cell  nucleus.  There  is  evidence  that  calcium 
deficiency  in  the  ceils  leads  to  a  reorganization  of  chro¬ 
mosomes  (Steffensen,  1955),  Hence,  one  of  the  causes  of  the 
development  of  spontaneous  reorganization  may  be  a  disturb¬ 
ance  of  ionic  balance  in  the  cell.  In  connection  with  the 
fact  that  artificial  extraction  of  calcium  and  magnesium 
ions  also  leads  to  chromosomal  reorganization,  the  study  of 
the  morphologic  features  of  chromosomal  reorganization 
occurring  in  these  experiments  was  of  particular  interest 
to  us.  We  undertook  to  study  the  nature  of  the  effect  of 
EDTA  on  the  cell  nucleus  in  a  very  highly  suitable  object, 
the  microspores  of  Tradescantia,  Our  findings  give  us  some 
additional  material  for  understanding  both  the  role  of  ionic 
bonds  in  the  structure  of  the  ch?.’omosoinc  as  well  as  the  role 
of  deficiency  of  individual  elements  in  the  development  of 
hereditary  changes. 

In  our  experiments,  we  used  EDTA  on  the  microspores 
of  a  single  species  of  Tradescantia,  The  first  post-raeiotlc 
mitosis  in  the  microspores  of  this  species  of  Tradescantia 
Palludosa  requires  a  long  period  of  time.  Our  experiments 
were  carried  out  at  temperatures  of  19  to  21°  C,  At  this 
temperature  the  first  post-meiotic  mitosis  lasts  for  ten 
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idays.  Cells  of  the  anthers  in  a  single  flower  bud  mature  i 
relatively  synchronously,  with  a  delay  of  certain  indivi¬ 
dual  cells  by  as  much  as  12  hours.  In  inflorescence,  the 
buds  develop  non-simuUaneousiyt  at  the  time  when  the  upper 
blossoms  infloresce,  the  anthers  contain  binuclear  pollenj 
in  the  lower  buds  the  cells  of  the  anthers  have  not  yet 
entered  meiosis. 

The  method  of  work  was  as  follows:  With  a  syringe 
a  solution  of  the  acid  was  injected  in  all  the  buds  of  a 
given  head  simultaneously.  Then  fixations  were  made  of  the 
anthers  from  buds  In  which  microspores  had  reached  the  meta~ 
phase  of  the  first  post-melotlc  mitosis.  Due  to  the  fact 
that  the  duration  of  each  phase  of  mitosis  during  the 
development  of  microspores  had  been  established  earlier  by 
us,  and  with  our  knowledge  of  the  moment  of  exposure  and  of 
the  moment  of  fixation,  we  were  able  to  determine.  In  each 
case,  the  phase  of  the  mitotic  cycle  at  which  the  cells  had 
been  subjected  to  the  acid.  All  evaluations  of  reorganiza¬ 
tion  of  the  chromosomes  were  carried  out  in  metaphase.  The 
haploid  number  of  chromosomes  in  Tradescantia  palludosa  is 
six.  The  chromosomes  of  large  dimensions,  which  differ 
very  little  in  size,  all  possess  a  submedial  attscliment  of 
the  spindle  in  which  the  centromere  of  three  of  the  chromo¬ 
somes  lies  somewhat  closer  to  the  middle  than  that  of  the 
other  three  (see  Figure),  We  worked  with  plants  of  the  Sax 
clone,  in  the  microspores  of  which  spontaneous  reorganiza¬ 
tions  of  the  chromosomes  do  not  occur. 


Metaphase  of  the  First  Post-'Meiotic  Mitosis  of  Tradescantia 
Palludosa  (mlcrophotograph,  magnification  1300), 

a  --  normal;  b  —  central  chromosome  ring  and  fragment 
arising  upon  irradiation  with  X-reys  (200  r)  of  cells  in 
early  prophasej  c  —  chromosome  fragments  arising  upon 
exposure  to  EDTA  for  42  hours,  the  initial  exposure  having 
occurred  in  the  early  prophase* 

EDTA  was  used  in  concentrations  of  0,05  M  to  0,001 
M,  in  wiiich  the  pH  of  the  solution  in  all  experiments  was 
7,0,  The  time  of  exposure  in  the  different  experiments  was 
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from  1  to '24  hours*  However,  the  time  of  exposure  In  oUr 
experiments  was  somewhat  arbitrary  due  to  the  peculiarities 
of  the  method  used.  The  solutions  were  admitted  In  a  contin¬ 
uous  stream  over  a  period  of  fiye  minutes  every ‘half  hour  for 
a  day,  with' an  Interruption  of  10  hours  at  night. 

Fixation  of  the  anthers  was  carried  out  in  a  mixture 
of  absolute  alcohol  and  , glacial  acetic  acid  (retlo  of  three 
to  one)  for  a  period  of  fifteen  minutes j  then  they  were  washed 
in  70  percent  alcohol  and  acetpcarmine  preparations  were  made. 

Depending  on  the  concentration  of  EDTA  and  the  time  of 
exposure,  we  observed  varying  degrees  of  injury  of  the  cells* 
complete  death  of  cells,  absence* of  entry  of  cells  into  mito¬ 
sis,  confluence  of  chromosomes  in  prophase  and  metaphase, 
reorganization  of  chromosomes, ‘and  slight  postponement  in  the 
time  of  occurrence  of  different  phases  of  mitosis.  It  should 
be  kept  in  mind  that  cells,  as  they  go  through  the  cell  cycle, 
may  possess  different  sensitivities  to  certain  influences. 
Thus,  a  number  of  authors  (Sax  and  Swanson,  1941;  Bozeman  and 
Metz,  1949j  Bishop,  1950;  Deschner  and  Sparrow,  1955)  have 
established  that,  upon  exposure  to  Ionizing  radiation,  the 
most  sensitive  cells  are  cells  in  metaphase  and  the  leaat 
sensitive  are  those  in  interphase,  if  the  criterion  of 
sensitivity  is  the  number  of  reorganizations  of  chromosomes. 

Complete  death  of  cells  in  our  experiments  occurred 
when  they  were  exposed  in  any  phase  of  the  mitotic  cycle  to 
a  solution  of  EDTA  in  concentrations  of  0t>05  M  to  0*01  M  for 
one  hour  or  more.  The  cytoplasm  was  dried  out  and  the  cell 
membrane  deformed. 

Exposure  to  a  solution  of  EDTA  in  a  concentration  of 
0,06  M  for  three  hours  led  to  failure  of  entry  of  cells  into 
mitosis  if  they  were  in  interphase  at  the  time  of  exposure. 
Pollen  formation  was  abortive. 

Confluence  of  the  chromosomes  was  seen  with  concentra¬ 
tions  pf  EDTA  of  0,002  M  after  exposure  times  of  24  hours,  if 
the  exposure  was  started  in  the  middle  or  la^er  prophase. 

The  matrix  of  the  chromosomes  became  confluent  in  a  number 
of  places,  and'upon  transition  to  anaphase,  unique  bridges 
were  formed  between  the  chromosomes  located  towards  the 
poles. 

Reorganisations  of  chromosomes  occurred  upon  exposure 
to  EDTA  In  concentrations  of  0,001  M  for  42  hours,  when  ex¬ 
posure  was  started  In  early  prophase.  In  this  case,  the 
chromosomes  lost  a  part  of  their  matrix  and  their  spiral 
structure  could  easily  be  made  out.  The  figure  represents 
such  a  cell  with  a  chromosome  fragment  (c).  For  comparison, 
photographs  of  tvio  other  cells  are  shown.  Normal  metaphase 
(a)  and  a  cell  with  a  central  chromosome  ring,  along  with  a 
fragment  after  X-irradiation  of  it  in  early  prophase  (b),  are 
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shown.  As  can  be  seen,  the  condition  of  the  matrix  upon 
exposure  to  EDTA  Is  markedly  changed,  whereas  X-rays  do  not 
cause  any  changes  in  the  matrix  as  compared  with  the  normal  i 

In  experiments  on  the  effects  of  EDTA  in  doncentrations 
of  0#001  M  (42  hours)  on  cells  in  early  prophase,  we  counted 
210  cells,  that  is,  1260  chromosomes.  The  total  nUmbei^'  of 
reorganizations  was  loll  +  0*29  percent.  The  ratio  of  frdg* 
ments  (0*79  +  0,25  percent)  to  dicentrics  (0*32  ±  0*16  per¬ 
cent)  was  2,5,  We  noted  both  chromosomal  and  chroinat id 
reorganizations.  The  ratio  of  the  stim  of  chromosomal  and 
isochromatid  reorganizations  to  chromatid  reorganizations 
was  2*5, 

We  exposed  cells  in  interphase  to  an  0,001  M  solution 
of  EDTA'for  a  period  of  42  hours.  In  this  experiment  we  were 
unable  to  detect  any  reorganization  of  chromosomes;  on  the 
other  hand,  we  counted  altogether  only  480  chromosomes.  The 
matrix  of  the  chromosomes  stained  slightly  less  well  with 
carmine  than  did  the  normal* 

Hence,  with  high  concentrations  of  EDTA,  there  is  com¬ 
plete  death  of  cells,  but  it 'is  possible  to  arrange  such 
concentrations  and  exposure  times  as  will  lead  to  fragmenta¬ 
tion  of  chromosomes  by  EDTA,  It  is  possible  that  EDTA  changes 
the  concentration  of  Ions  throughout  the  cytoplasm  of  a  cell, 
due  to  which  there  may  be  disruption  of  ionic  Bonds  within 
the ' chromosomes,  which  leads  to  the  development  of  reorgan¬ 
ization  in  It . 
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From  the  History  of  Science 
(The  History  of  the  discovery  of  Karyokinesls ) 

Z,  S,  Katsnel’son 

In  the  development  of  cytology,  the  discovery  of 
karyokinesls  and  the  clarification  of  the  nature  of  mitotic 
division  constitutes  one  of  the  most  important  triumphs. 
Therefore,  the  history  of  this  discovery  is  naturally  of 
interest.  However,  both  in  the  foreign  and  in  the  Soviet 
literature,  the  reader  may  find  highly  conflicting  informa¬ 
tion  on  this  question. 

Here  are  some  examples,  G,  Petersen  (192Z)  wrote, 

’’The  true  discoverer  of  the  mitotic  figure  of  cell  division 
was  Butschll  (1876),  Later  this  phenomenon  was  studied  in 
detail  (Flemming,  in  the  1880*s;  S^asburger,  studying  the 
plant  cell;  van  Beneden,  K,  Rabl*,  and  Boveri)”  (Page  88), 
Another  example  Isthe  work  of  Bargmann  (1948),  In  the 
textbook  on  cytology  by  RIes  and  Gersch  (1953),  a  table  is 
given  of  the  basic  cytologic  discoveries  in  which  we  read, 

”ln  1844,  K,  Nagell  first  observed  mitotic  figures  in  plant 
cells,”  and  ”ln  1349,  V,  Hofmeyster  described  the  course  of 
mitosis,”  ”In  1867,”  the  authors  further  state,  "V,  Hofrhey- 
ster  described  Indirect  division  or  karyokinesls  in  great 
detail  in  plant  cells”  (Page  495),  The  overwhelming  majority 
of  foreign  authors  (Hertwig,  1912;  Kuster,  1938,  and  others) 
exhibit  a  characteristic  Ignorance  of  the  works  of  our  Soviet 
investigators  who  have  studied  cell  division, 

P,  I,  Peremezhko  (1887),  a  Russian  histologist  who 
was  a  direct  participant  in  the  discovery  of  karyokinesls, 
stated  at  the  end  of  the  nineteenth  century,  ”The  indirect 
division  of  cells  was  observed  for  the  first  time  simultan¬ 
eously  in  living  animals  by  Flemming  in  the  larvae  of  sala¬ 
manders,  by  Peremezhko  in  the  larvae  of  the  newt,  and  by 
Schleicher  in  amphibia  and  mammals,  describing  the  process 
in  considerable  detail”  (Page  74),  A,  V,  Nemllov  (1941) 
believes  that  ’’before  the  end  of  the  ie70^s  the  details  of 
this  process  (of  mitosis)  had  not  yet  been  clarified,  and 
It  was  not  until  2378  that  a  Russian  scientist,  Peremezhko, 
and  a  Russian  histologist,  Flemming,  gave  the  first  coherent 
descriptions  of  this  process  (Page  153),  In  the  textbook  of 
A,  Ac  Zavarzin  and  S,  I,  Shchelkunov  (1954),  it  is  pointed 
out  that  "Mitosis  was  first  described  in  plant  cells  by  I,  D, 
Chistyakov  in  1874,  In  animal  cells  it  was  studied  first  by 
Peremazhko  in  1879”  (Page  87),  The  article  of  Ye,  Ao  Shchub- 
nikova  (1952)  does  not  afford  an  objective  appraisal,  although 
it  is  a  special  historical  article.  In  her  opinion,  ”The 
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(study  of  original  works  has  shown  that  the  true  discoverer's! 

were  Chistyakov,  Mayeel*  and  Perem« 
ezhko,  (Page  380),  In  the  author’s  monograph  devoted  to 
the  history  of, the  study  of  cells  (Katsnel ’son,  1939),  the 
history  of  the  discovery  of  karyokinesis  is  set  forth  with 
insufficient  completeness  and  precision.  Comparatively 
recently,  the  serious  study  of  the  English  cytologist. 

Baker,  was  published  (1955).  In  it,  an  account  Is  given 

of  our  Soviet  authors,  but  their  significance 
^^s  insufficiently  appreciated,  L 

compelled  the  present  author  to  give  in 
this  article  a  brief  essay  on  the  history  of  the  discovery 
of  karyokinesis  based  on  a  study  and  comparison  oS  original 
works  relating  to  the  problem  at  hand,  ^ 


Fig.  1,  ‘’Karyolysia"  According  to  Auerbach  (1874), 
Explanation  in  the  text. 

When  the  name  of  one  or  another  investigator  is 
mentioned  and  the  ’’discovery”  of  kayokinesls  is  attributed 
|o  him,  a  false  impression  is  created  in  the  mind  of  the  _j 


contemporary  reader.  Indeed,  we  now  know  that  karyokinesis 
is  a  complex  process  connected  with  a  ntimber  of  transforma¬ 
tions  in  the  cell.  The  sum  of  our  knowledge  concerning 
mitotic  division  was  accumulated  gradually  and  the  authors 
who  first' ‘‘described"  karyokinesis,  or,  as  it  is  usually 
expressed, '"discovered"  it,  in  actuality  had  a  very  unclear 
notion  of  the  essence  of  this  process  and  of  the  importance 
of  the  complex  morphologic  picture  which  they  observed. 

The  works  of  Mol*,  Zheleznov,  Nagel i,  Remak,  Virchow, 
and  a  number  of  other  investigators  have  made  clear  the 
incorrectness  of  the  theory  of  cytoblastemes  of  Schleydeh  and 
Schwann,  and  have  securely  confirmed  the  idea  of  the  contin¬ 
uous  growth  of  cells  by  means  of  division  (see  Katsnel*son, 
1939;  Baker,  1953),  Remak  developed  the  scheme  according  to 
which  there  is  first  division  of  the  nucleolus,  then  con¬ 
striction  and  division  of  the  nucleus,  and  finally  division 
of  the  cell.  However,  beginning  with  the  middle  of  the 
nineteenth  century,  many  investigators  noted  that,  at  a 
definite  stage  of  division,  the  nucleus  ih  the  cell  disappears 
and  then  reappears  anew  in  the  daughter  cell.  In  order  to 
designate  this  phenomenon,  a  special  term  was  created  — 
"karj’olysis During  the  period  of  dissolving  of  the  nucleus, 
investigators  sometimes  observed  certain  ray«=*like  formations 
in  the  cytoplasm.  The  pictures  of  cell  dix'ision  in  a  number 
of  works  of  the  1860*s  and  i870*s  are  very  characteristic. 

An  idea  of  them  is  given  in  Fig,  i,  which  is  taken  from  the 
work  of  Auerbach  (1874)#  Auerbach  was  convinced  that  the 
nucleus  of  the  maternal  cell  completely  dissolved  morphologi¬ 
cally  and  disappeared,  and  was  restored  anew  in  the  daughter 
cells.  Some  investigators,  for  a  long  time,  observed  either 
these  or  other  elements  of  the  mitotic  figure,  and  by  chance 
described  Or  even  drew  figures  of  separate  stages  in  division, 
but' did  not  attribute  to  them  any  importance  and  did  not  see 
in  them  a  special  foinn  of  cell  division.  Thus,  K,  M,  Ber' 
(1947),  in  describing  experiments  on  artificial  fertilization 
In  sea  urchins,  observed  changes  in  the  fertilized  egg.  From 
his  descriptions.  It  can  be  ascertained  that 'he  saw  the 
silhouette  of  a  mitotic 'figure,  Ber  does  not  give  a  drawing, 
and  of  course,  at  that  time,  he  did  not  understand  the  signi¬ 
ficance  of  the'picture  which'he 'saw. 

Some  authors  believe  that  Nageli  (1942)  was  the  first 
to  see  chromosomes  (Baker,  1955),  This  opinion  is  based  on 
one  of  the  figures  in  the  work  of  Nageli,  in  which  he  repre¬ 
sents,  in  Lilium  tlgrldtim,  .  the  process  of  disappearance  of 
the  "cytoblasts"  of  the  maternal  cells  and  tha  appearance  in 
their  place  of  varying  numbers  of  smaller  cytoblasts  of  a 
transitory  character,.  In  his  drawing,  Nageli  shows  some 
large  spheres  to  which  there  is  no  reason  to  attribute  a 
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C^hroir.osomal  mtttrs.  Therefore,  the  opinion  of  Ries  aiid 
Gersch  cannot  be  regarded  as  well-founded  when  they  suppose 
that  Nageli  was  the  first  to  observe  mitotic  figures  In 
plant  cells. 


Fig.  2.  Division  of  Spore  Cells  of  Lycopodium  psilotum 

triqustrum.  According  to  Hofiaeyster,  (1867,  Fig.  16) 


Koffficyster  (1649),  in  his  studies  on  the  development 
of  the  embryo  in  the  phaneroganila,  represents  in  one  of  his 
drawings  division  of  a  cell  in  Tradi scantia,  in  which. 
Instead  of  two  nuclei,  he  shows  groups  of  bodies  which 
rather  remotely  resemble  chromosomes.  Hofmeyster,  however, 
was  inclined  to  attribute  this  unusual  type  of  dividina 
cell  to  the  action  of  water.  In  his  much  later  *’Study“of 
the  Plant  Cell”  (1667),  Kofiaeyster  represents  the  sporulat- 
ing  maternal  cell  of  Lycopodium  psilotum  triquetrum  in 
various  stages  of  division  (Fig,  ?.),  After  showing  the 
stage  when  the  '’first  nucleus  disappears”  (in  the  figure 
the  cell  Is  completely  empty  --  in  drav/ing  c),  Hefmeyster 
further  indicates  stages  d  and  e  In  which,  in  the  center, 
are  shown  angulated  clumps  remotely  reminiscent  of  chromo¬ 
somes,  The  caption  to  the  figure  reads  ’’The  saihe  cell 
after  a  brief  period  in  water.  The  proteinaceous  liquid 
In  the  center  has  congealed  In  Irregular  clumps  which  are 
bro'upcd  about  the  equatorial  disc  of  the  cell  In  the  form_J 
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fof  a  plate  (Pages  82  to  83),  Of  course,  such  an  observa-^ 
tion  cannot  be  regarded  as  the  discovery  of  karyokinesis 
and  the  statement  made  by  Ries  and  Gersch,  who  believed  * 
that  Hofmeyster  described  karyokinesis  in  plant  cells  ”in  . 
detail  in  1867,  is  not  actually  applicable  to  him, 

V,  Krause  (1870),  in  his  work  on  corneal  epithelium, 

®  which  superficially  anticipates  descriptions 

of  the  ilgure  of  division*  he  does  not,  however,  qive 
drawings,  ' 

-j  One  of  the  first  to  see  perfectly  clearly  and  to  j" 

represent  uniquely  one  of  the  figures  of  karyokinesis  was 
A,  0,  Koval eyskiy  in  his  **Embryologic  Studies  of  Worms  and 
Arthropods  (1871),  Ke  gives  figures  (in  the  ori-ginal, 
this  was  Fig,  92,  reproduced  here  in  Fig.  3)  which  indis« 
putably  correspond  to  the  picture  of  anaphase.  This  is  a 
good  representation  of  a  mitotic  figure  with  a  spindle  and 
chromosomes.  However,  Kovalevskiy,  t^ith  respect  to  his* 
observations,  limited  himself  to  the  followinq  brief  remark* 
Tne  body  of  the  nucleus  stands  out  in  the  sections  as  a 
dividing  vesicle,  but  there  are  seen,  both  in  the  old  and 
in  the  newly~formed  cells,  two  granular  accumulations  which 
are  Joined  to  each  other  by  finely  granular,  but  very 
clearly  visible,  protoplasmic  (?)  strands."  (The  question 
mark  was  inserted  by  Kovaievskiy . }  The  granular  accumula¬ 
tions  are,  ^ of  course,  chremosoraes,  and  the  strands  are  the 
central  spindle.  Hence,  A,  0,  Kovaievskiy  was  one  of  the 
first  to  see  and  describe  the  basic  elements  of  the  mitotic 
iignre.  Unfortunately,  this  precise  observation  which  he 
mad®  remained  outside  his  sphere  of  interest,  and  hence  he  ' 
did  not  assign  to  it  any  importance  and  did  not  develoo  it 
further.  ^ 


Fig.  3.  Separation  of  Micromeres  in  Euaxes,  According  to 
A.  0,  Kovaievskiy  (1871,  Table  6,  Fig.  24), 

Edmund  Russov,  a  teacher  in  Revel,  and  later  Profes- 
sor  of  Botany  in  Uerpt  (for  more  details  concerning  Russov 
|cc  Winkler,  1897),  In  describing  the  development  of  spore^j 
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(1872)ji  represents^  in  a  number  of  his  figures 
cells  in  ^tilch.he  saw  sheets  of  granules  or  fine  bands  dur¬ 
ing  division  which  were  undoubtedly  poorly  preserved  chro¬ 
mosomes,  In  distinction  from  Hofmeyster,  Rusfsov''  declined 
to  regard  these  structures  as  artefacts  and  understood  that 
the  pictures  observed  by  him  reflected  certain  peculisri- 
ties  in  division,  but  the  importance  and  significance  of 
this  feature  remained  unclear  for  Pwussov. 

It  is  astonishing  that  the  first  and,  for  that  time, , 
■ryery  good  description  of  karyokinesis  passed  unnoticed,  Ith 
was  made  by  the  Hessian  zoologist,  Schneider  (1073)  (for  a 

biography  of  Schneider,  see  Lim- 
pricht,  1890)  In  1673.  In  the  tur- 
bellarisn  Mesostorrium,  ^chneider 
described  and  well  illustrated 
karyokinesis  in  dividing  eggsj 
metaphase  is  very  clearly  shown 
(both  from  the  equator  and  from  the 
poles),  and  also  the  splitting  of 
chromosomes,  which  the  author  re¬ 
fers  to  as  "heavy  loops."  From  the 
description  and  the  figure,  no  doubt 
remains  that  Schneider  saw  actual 


Fig.  4 ,  Division  of 
the  Egg  in  Mesostonum 
ehrenbergii.  According 
to  A.  Schneider  (1873r 
Table  5,  Fig.  5). 


mitosis  (Fig,  4),  (A  description 
of  karyokinesis  is  given  in  the  work 
of  Schneider  on  pages  114  to  116, 
and  the.  figures  are  reproduced  In 
Table  5.  Ye.  A,  Shchubnikova  (195^)^ 
affirms  that  Schneider  was  unable  to" 
see  the  formation  of  chromosomes  and 
their  splitting.  The  extent  to 
which  this  is  incorrect  is  readily 
seen  from  the  reproduction  here  ot 
his  figure.)  He  observed  similar 
pictures  of  division  also  in  other 
turbellarians,  and  states  that  he 
saw  comparable  pictures  of  division 
in  some  cells  of  the  intestinal 
tract.  In  actuality,  this  vms  the 
discovery  of  karyokinesis.  But 
Schneider  described  his  observations 
in  a  long  zoologlc  study  entitled 
"Studies  on  the  Flat  Worms,"  In 
which  the  discovery  of  indirect 
divi.sIon  of  cells  was  embedded  in 
a  mass  of  other  factual  material* 
furthermore,  this  work  was  printed 
in  a  poorly  distributed  publication 
of  a  local  scientific  society.  J 
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ISchneider  himself,  however,  evidently  understood  that  he  ^ 
had  witnessed  a  special  form  of  division  of  cells,  but  con¬ 
sidered  this  form  a  peculiarity  of  the  flatw^rms.  Be  this 
as  it  may,  remarkable  discovery  did  not  attract  atten~. 

tion,  and  the  fact  that  karyoklnesis  had  been  described  in 
the  article  by  Schneider  received  public  attention  only 
when  the  investigations  of  other  authors  attracted  general 
attention  to  mitotic  division. 

The  work  of  Schneider  concludes  the  first  preparatory 
-jperiod  of  the  discovery  of  karyokinesi s .\yln  the  ensuing 
period,  over  the  course  of  several  years,  a  whole  series  of 
studies  appeared  which  showed  that  Investigators  were  deal¬ 
ing  with  a  hitherto  unknown  method  of  ceil  division  widely 
distributed  both  in  plants  and  animals. 


Fig.  5,  Drawings  of  Cells  Dividing  by  Karyckinesis,  Accord¬ 
ing  to  i,  D,  Chistyakov  (1675,  Fig.  9,  24,  20). 

This  new  period  began  with  the  works  of  the  Russian 
botanist,  I.  D.  Chistyakov  (for  a  biography  of  I.  D,  Chis¬ 
tyakov,  see  S.  S,  Stankov,  1946).  The  first  indication  of 
a  special  form  of  cell  division  is  given  in  the  work  of 
I.  D.  Chistyakov  entitled  "Materials  on  the  History  of  the 
Plant  Cell"  (an  abstract  of  this  work  concerning  indirect 
division  Is  given  in  a  Russian  translation  in  the  collectioh 


142 


"Russian  Classics  In  the  Morphology  of  Plants,”  1923)  and 
printed  in  an  Italian  botanical  Journal  in  1874*  In  the 
following  year,  the  article  appeared  in  a  German  botanical 
Journal  and  was  entitled  "Materials  on  the  Physiology  of 
the  Plant  Cell"  (Chistyakov,  1875)*  In  these  works,  I*  D, 
Chistyakov  describes  his  observations  on  the  growth  of 
spores  and  anthers,  which  he  studied  in  living  material 
exposed  only  to  the  action  of  water,  Chistyakov  distin¬ 
guishes  a  multiplicity  of  phases,  and  his  terminology  is 
quite  different  from  the  modern  terminology.  Thus,  the 
figure  of  the  metaphase  was  called  by  him  the  "band  nucleus," 
chromosomes  were  called  "papillae,"  His  study  of  unfixed 
and  unstained  material  did  not  permit  him  clearly  to  discern 
the  transformations  of  chromosomes,  and  therefore  Chistyakov 
concentrated  his  attention  primarily  on  changes  In  the 
spindle.  He  undoubtedly  saw  the  maternal  and  daughter  stars 
("centrosome"  in  modern  terminology)  and  represented  them  in 
his  drawings  (Fig,  5),  ' 

One' cannot  but  be  astonished  at  the  observations  of 
Chistyakov,  who  was  able  in  living  material  to  detect, ' in 
some  cases  very  precisely,  the  changes  associated  with 
indirect  division.  In  distinction  from  authors  who  held  to 
the  theory  of  karyolysis,  1,0,  Chistyakov  understood  the 
succession  of  maternal  and  daughter  nuclei*  In  describing 
the  formation  of  "secondary"  (daughter)  nuclei,  Chistyakov 
wrote,  "This  process  is  thought  of  as  the  free  formation  of 
nuclei  after  dissolution  of  the  first  nuclei.  However,  In 
view  of  Tdiat  we  described  earlier,  it  must  be  acknowledged 
that  it  is  difficult  to  accept  this  position.  We  observed 
the  division  of  the  striated  sphere;  we  followed  the  differ¬ 
entiation  (or  to  express  It  better,  the  transformation)  of 
different  parts  of  this  sphere,  and  now  we  are  in  a  position 
to  indicate  precisely  the  parts  of  the  sphere  which  give 
rise  to  the  secondary  nuclei;  they  derive  from  the  half¬ 
spheres  described  in  the  preceding  phase,  and  the  latter, 
in  their  turn,  are  polar  segments  of  the  stage  of  the 
striated  sphere.  Hence,  it  is  necessary  to  admit  that 
nuclei  persist  during  the  whole  course  of  division"  (Page 
20  of  the  Russian  translation).  Hence,  I,  D,  Chistyakov 
understood  the  succession  of  nuclei  in  division  of  the  cell, 
and  pointed  out  that  in  this  process  there  is  formed  a 
complex  figure  of  division,  but  he  was  unable  to  follow  the 
transformations  of  chromatin  and  supposed  that  the  daughter 
nuclei  are  formed  at  the  poles  of  the  spindle  from  the 
threads  of  the  sphere.  There  can  be  no  doubt  that  only 
disease  and  premature  death  deprived  this  talented  Russian 
scientist  of  the  possibility  of  continuing  his  Investigations 
and  of  perfecting  and  developing  his  first  observations. 
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which  the  author  himself  called  "preliminary  generalizations' 
(foreign  authors  have  hitherto  passed  over  in  silence  the 
works  of  Chistyakov,  Hus  and  Kuster  (1938)  in  their  essay  on 
the  development  of  our  knowledge  concerning  the  plant  ceil 
in  which,  generally  speaking,  they  do  not  overlook  Russian 
authors,  do  not  even  mention  Chistyakov.  Baker  (1955)  gives 
some  attention  to  Chistyakov  in  his  most  recent  collection. ) » 

In  1875  appeared  the  first  studies  of  Strasburger, 
who  was  a  native  of  what  was  at  that  time  Russia  (Strasburger 
was  born  and  began  his  scientific  and  pedagogic  activity  in 
Warsaw),  This  study  was  published  in  the  form  of  a  monograph 
under  the  title  "Cell  Formation  and  Cellular  Division."  In 
it  he  gives  descriptions  of  karyoklnetic  division  in  a  number 
of  plant  specimens  and  attempts  to  show  that  the  new  form  of 
division  is  not  a  rarity  but,  on  the  contrary,  is  a  typical 
form  of  cell  division.  For  this  purpose,  Strasburger  devotes 
attention  to  objects  from  the  animal  world.  He  attempts  to 
study  division  in  cartilaginous  cellsj  he  describes  and  gives 
representations  of  division  of  eggs  in  ascidiansj  and  he  uses 
the  figures  of  Butschli  (see  below),  who  detected  division 
in  a  nematode  a  Strasburger  unquestionably  advanced  the  study 
of  mitosis  greatly.  He  described  more  clearly  the  equatorial 
plate  of  chromos'omes  and  its  cleavage,  but  the  chromosomes 
("bands"  or  '“ribbons")  were  regarded  by  Strasburger  as  a 
thickening  of  the  threads  of  the  spindle,  believing  that  the 
daughter  nuclei  are  formed  by  confluence  of  the  "bands'  with 
each  other  and  with  half  of  the  spindle.  In  this  work, 
Strasburger  gives  evidence  of  no  understanding  of  the  initial 
and  final "stages  of  mitoses  as  yet,  and  concentrates  his 
entire  attention  on  the  stage  currently  designated  metaphase 

and  anaphase,  .  -  j 

Strasburger  takes  up  cell  division  again  in  a  Second 
monograph  (1878),  which  is  devoted  for  the  most  part  to  the 
phenomenon  of  fertilization.  In  addition  to  plant  objects, 
he  here  concerns  himself  with  the  division  of  cells  ot  a 
number  of  animal  tissues  also.  In  particular,  Strasburger 
uses  the  preparations  of  the  Warsaw  histologist  Mayzel* 

(see  below),  from  ijhich  he  takes  a  whole  series  of  drawings 
(Fig,  6),  Later,  Strasburger  repeatedly  turned  to  the  prob¬ 
lem  of  cell  division  (1379,  1662,  18S4)o  It  cannot  escape 
notice  that  in  the  works  of  Stra's burger,  there  was  a  close 
tendency  to  ignore  the  studies  of  I,  Da  Chistyakov,  or  else 
to  deride  him,  pointing  out  his  mistakes  and  ignoring  the 
important  aspects  of  his  observations,  (On  this  raat'cer, 

K,  A,  Timiryazev  wrote,  "It  is  necessary  to  take  note  of 
this.  In  view  of  the  not  altogether  Justified  attitude 
towards  Chistyakov  of  another  Russian  botanist  of  the  same 
period.  Some  know  that  the  now  famous  Professor  Strasburger 
was,  at  the  end  of  the  1660»s,  a  Docent,  In  his  recent 
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;essay  on  the  historyof  this  problem,  Strasburqer  does  not~i 
give  sufficient  attention  to  Chistyabov,  whereas  he  is  the 
Only  one  of  the  Germc.r\  botanists  who  is  weii  acquainted 
with,  the  contents  and  time  of  appearance  of  t.heVork?  of 
Qiistyakov  and  even  knew  him  personaliy/'  ](,  A.  Timlryas:ov, 
”CoIiected  Works,”  Vol  8,  Page  162.) 
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Drawings  of  Cells  of  the  Corneal  Eoithelluin  fx-ow 
Preparations  of  Z.  I*  Mayscl’  from  the  Monoqranh 
of  Strasbtirger-  (1378,  Tabic  7). 


In  1875,  a  preliminary  report  appeared  on  the  divi¬ 
sion  of  eggs  in  the  roundworms  and  in  snails,  published  by 
3utf;c2iH  (137  5).  The  author  briefly  notes  certain  aspects 
of  indirect  division,  without  accompany in>g  them  by  figures 
--  it  vras  noted  above  that  these  were  reproduced  in  pa»’t 
in  the  monograph  of  Strasburger  (1875).  In  1676  the  roono- 
graph  of  Butschli  came  out  under  the  title  of  "Studies  of 
the  First  Stages  of  Development  of  Egg  Cells,  of  Cell 
Division,  and  of  Conjugation  in  the  Infusoria.”  This  was 
a_ large  work,  with  generous  use  of  tables  and  with  descrip¬ 
tions  of  the  primary  stages  of  division  of  eggs  in  worms 
anc  molluscs,  and  of  division  of  the  spermatogenic  cells  of 
the  cockroach,  of  the  embryonic  blood  cells  of  the  chick 
<:>f  the  leukocytes  of  amphibia,  and  of  the  blastodermal 
ceiJ-3  of  insects,  Butschli,  like  Strasburger,  repeatedly 
o.riptmoi zes  that  the  new  form  of  division  of  cells  is 
inhex’cnt  alike  both  to  plants  and  to  animals.  The  general 
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level  of  description  of  mitosis  in  Butschll»s  book  Is  aonrox- 
Imately  the  same  as  In  the  first  work  of  Strasburgero  ^ 
the  same  year  (1875)^  the  first  report  of  V-  t 

Iosifovich  Mayselt.  graduated  In 
1870  from  larsaw  University  and  was  appointed  assistant  Jn 
the  department  of  histology  under  Professor  Gd  Ft,  Goyer 
He.  worked  in  the  department  of  histology  until  1695  ^and 

h?rrenlaLip^t  Mayzel*  was  recommended  as 

?o  i  S'’”?''"?  “  ?  P°I®.  ho  was  not  aocsptahle 

ILi  s  Tsarist  government,  and  leaving  the  University  he 
t  ok  up  medicalj^,  Scientific,  and  literary  work,  Recardlno 
him*  see  Gazeta  Lekaraka*"  Vol  27.  No  2^  1907,  Pagis  M  to 


$8)1  T.  "®t«‘\hohsr*lca,"’voY.  Pag%T$l"fo 

tions  in  t entitled  *’lfriiqUe  Manifesta- 

regsnsrafi^n  if  ‘^orn$$$’epnL“' 

lium,  he  had  long  previously  noticed  In  some  ceils  ”niimprrM,c 
large  granules  or  flhrUlar  formations”  (Mayzaii  187S 

«?clSiins  Tn  t ??rtoooly  been 

conclusions  on  the  significance  of  these  formations  but 

with  the  works!  of  Strlsta^ge?  ^d- 

reS?$,Vf  f?  year- tut  somewhar$l?aS). 

corresponded  to  cell  division  as 

JribS  authors,,  Mayzelt  desl 

1 1  nis  art  Id  0  throo  forms  of  nuclpi#  fho  -pinrhsi- 

P™Phasa,  but  is  nM  Xsoribcd- 

ThlsI^M^  flid?nL*°  raetaphasa,  and  the  third  to  anapha$$.  ’ 

H  ,  ®n  article  by  Mavzel* 

published  in  the  Polish  language  (1875B)»  y  y 

In  a  subsequent  communication  (1877)  MaviPf>it 

t$i$p^-f  1?-  -\1k-  $  n~  £  : 

"Nuclear  Divir?on»^f^®  if  chapter  entitled 

five  forms^of  nuclear  structure  assocfa?ed  ^Ith  dmJiL 
He  does  not  refer  'co  the  process  of  division  itself  but’fho 
very  order  in  which  Mayzel?  describes  the  fiv^nuilea- 

♦  i2  article  he  makes  reference  to  numerous  floured  h--*- 

inri  remains  unpublished:  it  has  been  shoS^thlt* th^ 

apparently  the  Tables  of  figures)  was 
to  be  inc*uded  In  a  subsequent  issue#  But  in  nonp  n*r  fho 

co^u$$i??oi;$rSa'-?ji  :rifcfrs$$  iTL--E£| 


have  spoken  earlier).  In  an  article  of  1879,  Mayzel*  reports 
his  studies  of  ascrarlds.  In  which  Auerbach  (see  above)  des¬ 
cribed  karyolysis,  Mayzel*  indicates  that  in  the  roundworms 
it  is  possible  to  see  *' typical  fibrillar  n'.clear  spindles 
with  a  granular  equatorial  plate  and  with  fibrillar  rays  at 
the  poles  of  the  spindles”  (Page  281).  Ke  saw  similar  pic¬ 
tures  in  the  eggs  of  the  slug  and  in  the  cells  of  the  ecto¬ 
derm,  In  1884,  Mayzel’  published  a  long  article  in  Polish 
on  karyokinesis  and  supplied  two  tables  of  figures.  (This 
work  was  published  by  Mayzel ♦  in  a  collection  In  honor  of 
Professor  Goyer,  Unfortunately,  I  was  unable  to  find  this 
book, ) 

At  the  same  time,  the  wcr  k  of  Beneden  appeared  (1875), 
who  studied  cell  division  in  the  embryonic  ectoderm  of  the 
rabbit  after  osmic  fixation  and  staining  with  picrocarmine 
and  hematoxylin.  His  data  are  less  abundant  than  those  of 
Mayzel*,  Beneden  saw  cleavage  of  the  equatorial  plate  into 
two  discs  and  described  the  onset  of  anaphase.  Later,  Bene¬ 
den  studied  division  in  Dicyemella  (Beneden,  1876), 

A  similar  approximate  description  of^mitosis  was 
given  in  the  first  work  of  Fol  (2876),  Later,  in  1879,  Fol 
published  an  extensive  study  devoted  to  maturation,  fertili¬ 
zation,  and  the  first  stages  of  growth  in  non>^vertebrates 
(achinoderms,  malacozoans, ‘and  others).  Here,  he  gives  a 
clear ‘representation  of  mitotic  figures  with  formation  of  • 
reduction  bodies  In  the  first  stages  of  division.  However, 
as  was  the' case  with  the  majority  of  authors  of  the  preced¬ 
ing  period,  Fol  concerns  himself  primarily  with  the  middle 
phases  of  karyokinesis  and  gives  no  clear  idea  of  the  trans¬ 
formations  of  the  equatorial  plate. 

A  somex-rhat  clearer  description  of  the  course  of 
Indirect  division  is  given  by  Balbiani  (1876),  In  the 
ovaries  of  an  orthopterr.n  (Stenobotrus ),  he  found  a  suitable 
object  for  studying  the  figures  of  division,  Balbiani  docs 
not  give  any  drawings,  Lut  the  general  level  of  his  descrip¬ 
tions  remains  within  the  limits  of  the  conceptions  charac¬ 
teristic  of  the  Initial  descriptions  of  phases  of  karyo- 
kines is . 

Cell  division  in  the  cornea  was  considered  in  the 
work  of  the  Zurich  pathologist  Eberth  (1876),  This  author 
believes  that  a  special  feature  of  division  of  animal  cells 
(as  compared  with  plant  cells)  is  the  fact  that,  in  the 
latter,  a  differentiation  of  the  nuclear  mass  begins  with 
the  formation  of  an  elongated  strlation,  and  that,  in  the 
corneal  cells,  there  Immediately  appear  ’‘equatorial  granules” 
(that  is,  chromatin),  which  "if  not  always  together,  then  in 
any  case  for  the  most  part,  serve  as  material  for  the 
da'aghter  nuclei”  (Page  538),  In  the  work  of  Eberth,  an 
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lessential  place  is  given  to  tfie  changes  In  chromatin;  he  ~ 
clearly  describes  chromosomes  and  observes  not  only  the 
middle  phases  of  division  but  also  the  initial  phases;  in 
particular,  he  gives  an  excellent  representation  of  pro¬ 
phase  (Baker,  1955,  believes  that  the  first  representation 
of  prophase  in  the  endothelial  cells  of  Descemet’s  membrane 
is  given  in  the  works  of  Ewetsky  (1875).  I  was  hot  able  to 
find  the  works  of  Ewetsky  in  the  original),  ; 

The  Kiev  zoologist,  N,  V,  Bobretskiy  (1677-),  in  a 
-.study  of  the  embryonic  development  of  the  univalve  molluscs,- 
describes  division  in  Nassa  mutabills,  and  clearly  portrays 
the  mitotic  figures  with  central  spindles,  asters,  and 
chromosomes.  However,  In  criticizing  certain  incorrect 
ideas  of  Butschli,  Bobretskiy  himself  gives  an  incorrect 
description  of  division,.  Thus,  the  onset  of  anaphase 
(Fig,  E4  of  the  original)  is  described  by  him  as  a  remnant 
of  the  maternal  nucleus,  which  he  understands  as  being 
shared  between  the  daughter  groups  of  chromosomes . 


Fig,  7,  Drawings  of  Dividing  Cells  of  Larvae  of  the  Newt, 
from  the  Article  of  P,  I,  Peremezhko  {1879A, 

Table  19) . 


By  the  end  of  the  1870»s,  the  new  form  of  cell  divi¬ 
sion  was  attracting  the  attention  of  an  ever-increasing 
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number  of  histologists.  Almost  simultaneously  there  appeared 
the  major  works  of  three  authors  interested  In  indirect  divi¬ 
sion*  Peremezhko,  Schleicher,"  and  Flemming, 

The  first  brief  report  of  the  Kiev  histologist  P,  I, 
Peremezhko  (concerning  P,  I Peremezhko,  see  0,  Chernyakhlvs*- 
kiy,  1928;  and  M,  K,  Kuz’min,  1957)  was  published  in  July  of 
1878,  The  author  Introduces  a  new  object  for  studies  of" 
division  of  different  cells,  which  is  very  suitable  due  to 
its  transparency;  this  is  the  tail  of  the  young  newt.  Using 
this  object,  Peremezhko  observed  cell  division  in  the  epider¬ 
mis,  connective  tissues,  endothelium,  and  leukocytes.  In  the 
succeeding  year,  the  complete  work  of  P,  I,  Peremezhko 
appeared  (1879A)  with  tables  and  drawings.  He  had  studied 
both  living  and  fixed  material,  but  had  not  used  stains  (Fig, 
7),  During  this  same  year,  Peremezhko  published  yet  another 
study  devoted  to  division  of  erythrocytes  in  amphibians 
(18798),  in  which  he  gives  in  general  a  correct  idea  of  the 
sequence  of  stages. 

In  the  second  part  of  his  major  work  (1880)  (the 
second  part  of  the  work  of  P,  I,  Peremezhko  was  published  in 
the  next  volume  of  the  same  journal;  it  was  devoted  to  a 
description  of  division  in  connective  tissue  cells  and  endo¬ 
thelial  cells),  P,  I,  Peremezhko,  in  contrast  to  the  first 
work  of  Flemming  which  appeared  at  about  the  same  time,  was 
inclined  to  divide  the  entire  process  of  division  into  two 
stages:  the  first  stage  begins  with  the  onset  of  changes  in 
the  nucleus  and  lasts  until  the  beginning  of  its  division, 
and  was  called  by  Peremezhko  ”the  stage  of  nuclear  changes"; 
the  second  stage  begins  with  the  onset  of  nuclear  division 
and  ends  with  complete  division  of  the  cell,  and  was  called 
by  Peremezhko  the  "stage  of  nuclear  or  cellular  division" 

(Page  184),  P,  I,  Peremezhko  believed  firmly  that  the  use 
of  stains  did  not  afford  any  additional  advantages  for  histo¬ 
logic  study.  This  position  indisputably  prevented  his  more 
active  participation  in  working  out  the  problem  of  karyo- 
kinesis. 

Simultaneously  with  the  works  of  Peremezhko,  the  stu¬ 
dies  of  Schleicher  appeared  (1879),  which  were  devoted  to 
division  in  cartilaginous  cells.  His  preliminary  reports 
came  out  in  the  same  Journal  which  published  the  article  of 
Peremezhko  (several  issues  earlier,  in  June  of  1878),  and  his 
complete  work  in  the  sixteenth  volume  of  the  "Archives  of 
Microscopic  Anatomy."  Schleicher  did  not  introduce  any 
essentially  new  data,  but  we  are  Indebted  to  him  for  the  now 
commonly  used  designation  of  indirect  division  --  karyokinesis , 

The  third  author  whose  work  appeared  during  1878  and 
1879  was  Flemming,  who  made  a  particularly  important  contri¬ 
bution  to  the  study  of  karyokinesis.  The  first  report  of 
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Flemming  was  published  in  1678  in  the  works  of  the  scientific 
society  in  Kiel;  this  report  appeared  on  the  first  of  August 
1878.  ^ven  in  this  brief  report,  ^lemraing  gives  an  outline 
of  cell  division  by  mitosis  which  is  clearer  than  that  of  the 
majority  of  his  predecessors.  Flemming  attempted  to  follow 
all  of  the  transformations  of  dividing  cells  from  the  state 
of  the  nucleus  seen  In  a  cell  which  is  not  dividing  to  com¬ 
plete  reconstruction  of  the  daughter  nuclei.  He  devoted 
major  attention  to  the  statnable  substance  of  the  nucleus,  ^ 
and  by  using  different  methods  of  staining,  attempted  to  fol¬ 
low  its  transformations  more  precisely.  At  the  end  of  hiS 
report,  Flemming  remarks  that,  on  the  day  of  finishing  his 
report,  he  had  become  familial*  with  the  first  preliminary 
report  of  Peremezhko,  Flemming  notes  the  many  similarities 
in  the  figures  which  Peremezhko  describes  for  the  newt  and 
which  he  observed  in  the  salamander;  the  slight  discrepancies 
are  explained  by  Flemming  by  the  fact  that  Peremezhko  did  not 
study  stained  preparations,  'In  the  same  volume,  the  article 
of  Flemming  was  published'entitled  ’’Remarks  on  the  Structure 
and  Life  of  Cells  and  oh  the  Limits  of  Visibility.”  In  this, 
Flemming  also  takes  up  the  problem  of  mitotic  division  and 
presents  a  table  of  drawings  which  quite  clearly,  even  though 
schematically,  illustrates  the  course  of  karyokinesis . 

In  1879=  Flemming  published  in  the  Virchow  ’’Archives” 
an  article  on  -’The  Behavior  of  the  Nucleus  in  Cell  Bivision 
and  the' Significance  of  Multi nucleate  Cells.”  In  this 
article,  he  introduces  the  designations  ”dlrcct”  and  ’’indir¬ 
ect”  division  and  criticizes  the  application  of  the  Remak 
scheme  of  direct  division  to  the  majority  of  animal  tissues, 
Flemming  calls  attention  of  pathologists  to  the  necessity  of 
revising  the  old  ideas  concerning  cell  division  and  gives, 
by  of  illustration,  a  table  in  which  he  represents  the 
cou:/c>3  of  mitosis  c.  Here,  Flemming  clearly  indicated  the 
lony.'*, tudinal  splitting  of  chromosomes,  which  hitherto  had 
not" been  seen  clearly  by  other  investigators. 

In  the  same  sixteenth  volume  of  the  "Archives  of 
Microscopic  Anatomy”  in  which  the  articles  of  Peremezhko  and 
SchAeichW  had  been  published,  there  appeared  the  first  part 
of  ‘iva  major  'ijcrk  of  Flemming  entitled  ’’Materials  on  Our 
Knoiv'iedge  of  Cells  and  Their  Manifestations  of  Life  Activity" 
(Flemming,  1879B)o  He  presents  here  in  detail  the  changes  in 
the  structure  of  the  nucleus  and  the  transformations  of 
chromatin  and  of  achromatln,  and  for  the  first  time  calls 
attention  to  the  role  of  the  centrlole.  The  nature  of  the 
changes  in  chromatin  and  the  formation  of  chromosomes ' is 
si  early  represented  here,  Flemming  called  attention  to  one 
of  the  most  important  points  in  karyokinesis  —  the  longitu¬ 
dinal  splitting  of  the  chromosomes.  The  article  of  Flemming 
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Fig*  6.  Drawings  of  Dividing  Cells  of  Larvae  of  the  Sala¬ 
mander,  from  the  Article  of  Flenimlng  (1879B3 
fable  17. 

The  second  part  of  his  work  appeared  in  the  same 
journal  in  1860.  In  it,  Fleiaming -took  up  various  theoreti¬ 
cal  problems  and  gave  much  attention  to  terminology.  In 
addition  to  the  terms  "direct"  and  "indirect"  division,  he 
introduced  the  term  "karyokinesis"  as  a  substitute  for  the 
term  employed  by  Schleicher  (Schleicher  used  the  term 
"karyokinesis"  to  refer  not  to  the  entire  process  of  divi¬ 
sion  but  to  displacement  and  changes  of  the  nucleus).  For 
the %taining  substance  of  the  nucleus"  he  proposed  the  term 
''chromatin"|  for  the  non-staining-  substance  of  the  nucleus 
he  used  the  term  "achromatin."  Accordingly,  he  introduced 


the  adjectives  ”chromatInic**  and  ’’achromatlnlc  The  terms 
"maternal  star  (monaster)"  and  "daughter  stars  (di aster)" 
introduced  by  Fol  to  designate  the  x’ays  in  the  protoplasm 
of  the  egg  cell,  werd  also  adopted  by  Flemming  for  the 
corresponding  nuclear  figures.  In  the  first  section  of  his 
work^  Flemming  compares  his  ideas  with  the  findings  in  the 
1  iterati|iTe,  especially  with  the  three  works  of  Peremezhko 
(Pages  165  to  168), 

■  In  166Z,  there  appearcd'the  monograpfh  of  Flemming 
entitled  "Cellular  Substance,  the  Nucleus,  and  Cellular 
Division,"  In  it  he  presented  the  general  .picture  of  divi¬ 
sion  which  lies  at  the  basis  of  our  contemppr ary. ideas  con¬ 
cerning  karyokinesis *  Indirect  division  was  defined  by 
Flemming  as  "a  division  of  the  nucleus-containing. cell  body 
into  two  or  more  parts,  in  which  there  is  metamorphosis  of 
the  nucleus"  (Page  194),  This  transformation  is  connected 
with  the  formation  Of  the  nuclear  figure  of  division  in  which 
Flemming  distinguishes  two  parts?  chromatin  and  achromatin 
figures.  In  the  process  of  division,  Flemming  distinguishes 
five  states  which  correspond  in  general  to  the  present-day 
four  phases:  the  maternal  nucleus  (stroiiia,  rest),  the  form 

of  a  skein  (spireme),  the  form  of  a  star  (aster),  the  equa¬ 
torial  plate  (metakinesis),  the- form  of  stars  (diasters), 
the  form  of  skeins  (dispiremes),  and  daughter  nuclei  (stroma, 
rest ), 

■  For  the  figures  of  nuclear  division  Flemming  proposes 
the  term  "mitosis,"  and  for  division  which  is  not  accompanied 
by  "thready  metamorphosis"  he  proposed  the  designation  "ami¬ 
totic  division"  (Page  376),  The  prophase  is  treated  in  the 
monograph  of  Flemming  as  a  skein  or  tangle  of  chromatin 
threads,  and  he  evidently  believed  that  the  chromosomes  were 
Joined  by  their  ends. 

In  1885,  Rabl  (1885)  showed  in  the  epidermis  of  tailed 
amphibia' (urodeles )  that,  during  prophase,  chromosomes  do  not 
form  continuous  threads  but  are  isolated  one  from  another;  in 
this  process,  the  number  of  chromosomes  in  the  nuclei  of 
different  tissues  of  one  and  the  same  object  are  identical. 
The  nbtion  of  the  individuality  of  chromosomes  and  of  the 
presence  of  a  constant  number  of  them  for  each  species 
during  karyokinesis  vias  later 'developed  by  Boverl  (1888)  in 
the  second  notebook  of  his  "Studies  of  Cells," 

Without  going  further' into  the  ensuing  development 
of  the  study  of  karyokinesis,  let  us  nevertheless  note  cer¬ 
tain  terminological  detai Is ,  A  number  of  the  terms  used  at 
the  present'time  were  introduced,  as  we  have  seen,  by  Flem¬ 
ming  (direct  and  indirect  division,  mitosis  and  amitosis, 
nuclear  network,  chromatin  and  achromatin,  and  stage  of  the 
skein);  however,  he  i*as  the  first  to  introduce  in  their 
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modern  sense  the  terms  "maternal  star"  and  "daughter  stars," 
which  were  originally  introduced  by  Fol  in  another  sense. 

The  terms  "prophase, "  "metaphase,"  and  "anaphase"  were 
introduced  by  Strasburger  (1884 ■)  (Pages  250,  260),  His 
prophase' almost  corresponds  to  the  contemporary  meaning  of 
the  term,  but  he  understood  metaphase  to  refer  to  early 
anaphase  in  the  modern  sense.  By  anaphase,  Strasburger 
understood  the  whole  final  period  of  division  beginning  with 
late  anaphase  and  Including  the  period  which  is  now  termed 
telophase.  This  latter  term  (telophase)  was  introduced  by 
Heidenhaln  (1894,  Page  524),  but  initially  in  a  different 
sense  from  that  recognized  at  the  present  time,  Heidenhain 
used  this  term  to  designate  the  stage  of  "telokinesls, ”  that 
is,  the  final  displacements  of  the  nucleus  and  centrosome  at 
the  end  of  mitosis.  The  term  "interphase”  vras  proposed  by 
Lundegardh  (1912,  Page  21)*  In  1888,  Waldeyer  (1888)  pro^ 
posed  the  term  "chromosome,"  and  since  that  time  this  term 
has  become  firmly  established  in  general  usage. 

This  feview  Indicates  how  unreliable  are  the  majority 
of  historical  studies  of  the  discovery  of  karyokinesis  as 
listed  at  the  beginning  of  this  article*  The  discovery  of 
karyokinesis  is  difficult  to  attribute  to  any  single  inves¬ 
tigator*  Essentially,  karyokinesis  was  "discovered”  in  1873 
by  Schneider,  but  this  was  of  no  infiueiice  on  the  subsequent 
development  of  the  study  of  cell  division,  and  Schneider 
himself  did  not  understand  the  Importance  of  the  observations 
which  he  had  made.  The  present  development  of  the  study  of 
karyokinesis  began  with  the  work  of  I,  D*  Chistyakov, ' but 
his  ideas  were  still  very  unclear  and  did  not  reveal  the 
essence  of  this  new  phenomenon.  The  discovery  and  dissemi¬ 
nation  of  knowledge  concerning  karyokinesis  is  the  fruit  of 
the  collective  efforts  of  a  whole  pleiad  of  scientists, 
srniong  whom  important  roles  were  played  by  our  Soviet  srien- ' 
tistsj  i*  D»  Chistyakov,  O*  Butschii,  Ye,  Strasburger,  B,  I* 
Mayzel*,  P*  I,  Peremezhko,  V,  Flemming,  K,  Rabl*  —  these 
are  names  of  investigators  to  whom  science  is  deeply  indebted 
for  the  reformation  of  ideas' concerning  the  division  of  cells 
—  the'study  of  karyokinesis,  which  is  one  of  the  most  im¬ 
portant  chapters  in  contemporary  histology. 
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CURRENT  EVENTS 


A  donference  on  Problems  of  Cytology,  Histology,  and 
'  ^  "Embryo logy 7  Held  In  Riga  ~ 

L,  G.  Vol'fenzon  and  Yu,  L.  Goroshchenko 

From  the  10th  to  the  13th  of  December  1958,  a  con¬ 
ference  was  held  in  Riga  on  problems  of  cytology,  histology 
and  embryology,  organized  by  the  Institute  of  Biology  and 
the  Institute  of  Experimental  Medicine  of  the  Academy  of 
Sciences  of  the  Latvian  SSR  and  by  the  Riga  Medical  Insti¬ 
tute,  This  conference,  the  first  since  the  end  of  the  war, 
was  an  important  event  in  the  scientific  life  of  the  Baltic 
region,  testifying  to  the  fact  that  the  development  of  mor¬ 
phologic  studies  has  reached  a  very  high  level  there. 

In  the  work  of  the  conference,  in  addition  to  scien¬ 
tists  from  Riga,  scientific  workers  from  all  the  Baltic  Re¬ 
publics  participated,  as  well  as  others  from  Belorussia,  Mos¬ 
cow,  and  Leningrad,  Thirty-nine  reports  were  heard  at  the 
meetings  of  the  conference,  of  which  seven  were  read  to  plen¬ 
ary  sessions,  nine  to  the  sections  on  cytology,  eleven  to  the 
sections  on  histology,  and  twelve  to  the  sections  on  embry¬ 
ology. 

In  the  reports  on  cytology,  a  number  of  questions  of 
modern  cytochemistry  were  taken  up,  along  with  others  on 
cytophyslology  and  the  finer  morphologic  structure  of  the 
cell. 

The  first  speaker  at  the  first  plenary  session  was  G, 
0,  Roskin  (Moscow),  who  presented  a  report  on  problems  in 
the  cytodlagnostlcs  of  malignant  tumors.  The  author  dis¬ 
cussed  in  detail  the  diagnostic  importance  of  the  reactions 
of  normal  and  malignant  changes  of  tissues  with  leucobasic 
methylene  blue. 

The  nuclei  of  cells  of  normal  tissues  in  both  humans 
and  animals  are  capable  of  staining  a  blue  color  with  leu¬ 
cobasic  methylene  blue,  whereas  the  nuclei  of  cells  of  the 
embryo,  embryonic  types  of  cells  of  the  adult  animal,  and 
embryonic  types  of  cells  of  malignant  tumors,  regardless  of 
histogenesis,  histologic  nature,  and  species  peculiarities 
of  the  tumor  host,  do  not  give  a  positive  reaction  with 
leucobasic  methylene  blue  and  remain  unstained.  The  presence 
of  colorless  nuclei  following  this  staining  technique  in  cer¬ 
tain  tumors  of  the  breast,  in  which  pathohlstologlc  studies 
fail  to  disclose  malignant  growth,  apparently  testifies  to 
the  presence  of  malignant  change  and  may  serve,  therefore, 
as  an  early  diagnostic  sign.  This  reaction  may  unquestion¬ 
ably  be  of  great  assistance  in  analyzing  different  forms  of 
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malignant  tumors  and,  moreover.  In  the  study  of  precancerous 
states  under  conditions  in  which  the  pathologic  method  is  in¬ 
sufficient  * 

In  the  report  of  S,  Ya,  Zalkind  (Moscow)  data  were  pre¬ 
sented  on  the  comparative  Study  of  monolayer  tissue  cultures 
of  the  kidneys  of  Macacus  rhesus  monkeys,  of  the  hearts  of 
Macacus  cynomolgus,  and  of  two  strains  of  malignant  cells. 

IPhe  cultiires  were  studied  throughout  their  life  cycles,  from 
the  moment  of  immersion  in  fresh  nutritive  medium  until 
natural  degeneration.  The  author  found  that  each  of  these 
cultures  is  characterized  by  its  own  curve  of  mitotic  acti¬ 
vity,  Morphologic  analysis  of  the  cultures  demonstrated  the 
presence  in  them  of  large  nwnbers  of  amitoses.  This  sug¬ 
gests  that  cells  of  tissue  cultures  multiply  not  only  mltoti- 
cally  but  also  amitotlcallyb 

In  similar  cultures  L.P,  Izakova  (Moscow)  studied 
the  course  of  distribution  of  glycogen  in  the  normal  upon 
exposing  the  culture  to  the  poliomyelitis  virus.  The  author 
showed  that  there  was  a  large  amount  of  glycogen  In  the  cells 
of  all  four  cultiires,  with  the  type  Of  deposition  and  the 
amount  of  the  latter  varying  not  only  in  different  cultxires 
but  also  within; a  single  culture,  depending  on  the  physiolo¬ 
gic  state  of  the  cells.  The  author  showed,  also,  that  there 
is  a  rhythmic  charactei"'  to  the  accioimalatlon  of  glycogen  by 
the  cells  over  a  period  of  time. 

Two  reports  were  devoted  to  problems  of  the  functional 
histochemistry  of  nerve  cells.  In  the  report  of  Ya,  A,  Viiir 
nlkov  and  L,  K.  Titova  (Leningrad) >  data  were  presented  con¬ 
cerning  the  participation  of  a  number  of  chemically  active 
substances  in  the  process  of  stimulation  of  receptor  cells 
and  neurons.  These  authors  showed  that,  in  the  hair  cells 
of  the  organ  of  Corti  and  in  the  neurons  of  the  spinal  gang- 
lia,  the  amount,  distribution,  and  activity  of  glycogen, 
phosphorylase,  dehydrogenase,  nucleic  acid  and  the  non-spe¬ 
cific  enzymes  associated  with  them,  3H-groups,  and  total  pro¬ 
teins  change,  depending  upon  whether  the  ceils  are  in  a  state 
of  rest  or  in  a  state  of  stimulation  following  an  adequate  ^ 
stimulus. 

Hence,  with  the  aid  of  cytochomlcal  methods,  it  was 
possible  to  demonstrate  the  participation  of  processes  of 
anaerobic  glycogenolysls  and  oxidative  respiration,  the 
splitting  of  acetylcholine,  and  changes  in  the  protein  com¬ 
ponents  (exposure  of  SH  groups)  upon  stimulation,  all  such 
processes  occurring  in  definite  parts  of  the  cell. 

The  purpose  of  the  studies  of  L,  B.  Levinson  (Moscow) 
was  to  investigate  the  connection  between  structure,  chemi¬ 
cal  composition,  and  the  specific  functions  of  nerve  cells. 

The  author  showed  that,  in  motor  and  sensory  cells  of  chick 
and  rat  embryos  at  critical  moments  of  development  of  the 
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specific  functions,  there  are  changes  In  the  concentration 
of  RNA,  In  the  relative  amount  of  hlstodene  In  the  proteins, 
and  In  the  distribution  of  thiol  groups  In  the  cell  struc¬ 
tures,  In  the  nerve  cells  of  chick  embi^yos,  there  are 
changes  also  In  the  reaction  to  alkaline  phosphatase  and 
Vitamin  C,  as  well  as  In  the  shape  of  the  mitochondria  -  or¬ 
ganoids  associated  with  the  basic  enzymes  of  the  cell  systems 

It  was  further  shown  that  the  amount  of  RNA  in  gang- 
J.ionlc  motor  cells  of  the  fly  Callyphora  is  reduced  in  pro¬ 
portion  to  the  strengthening  of  motor  function,  and  remains 
high  in  non-flying  flies  and  In  files  in  which  the  wings  . 
were  removed  prior  to  the  onset  of  hatching.  Similar  results 
were  seen  In  the  retina  of  the  eye;  under  the  influences  of 
light  stimulation  the  concentration  of  RNA  Increased  in  cells 
and  with  an  Intenslfj. cation  of  stimulation  sufficient  to  1©  d 
to  exhaustion,  thex*e  was  a  decrease  in  the  concentration  of 
RNA, 

Hence,  the  author  was  able  to  show  that,  in  the  pro¬ 
cess  of  development  of  specific  functions  of  ner^e  cells  in 
the  embryonic  stages  of  development,  and  eJ.so  in  the  actively 
working  nerve  cells  of  the  adult  animal,  there  are  changes 
in  chemical,  composition. 

Interesting  reports  devoted  to  the  participation  of 
nuclei  in  the  morphology  of  secretion  of  cells  were  presen¬ 
ted  by  the  associates  of  K,  ?,  Bcgoyavle-nskiy  (Riga),  In  a 
report  on  "The  Morphology  of  Secretion  In  Cells  of  the  Corpus 
Luteum, "  A.  R.  Dalmane  (Riga)  described  the  formation  and 
growth  of  vacuoles,  both  in  nucleoli  and  in  the  immediately 
contiguous  karyoplasra  of  the  nucleus  of  cells  in  the  corpus 
luteum  of  the  vjhlte  rat.  She  also  described  the  mechanism 
of  evacuation  of  the  contents  of  these  vacuoles  into  the 
cytoplasm  by  means  of  dissolution  of  the  nuclear  membrane 
and  direct  secretion  of  RNA  of  the  nucleoli  Into  the  cyto- 
pla sm. 

This  same  problem  was  taken  up  in  the  report  of  I.  D, 
Chernobayeva  (Riga)  on  "Morphologic  changes  in  cell  nuclei 
of  the  exocrine  fsortion  of  the  pancreas  dui’ing  secretion," 

The  onset  of  fori-nation  of  secretory  gx*anules  in  the  cells  of 
the  pancreas  is  preceded  by  an  Increase  in  the  amount  of  RNA 
In  the  cytoplasm  and  the  appearance  in  it  of  a  considerable 
number  of  vacuoles.  In  proportion  to  the  accumulation  of 
secretion,  the  content  of  RNA  In  the  cytoplasm  decreases  and 
the  number  of  vacuoles  also  decreases.  The  author  describes 
a  further  increase  in  the  size  of  the  nucleus  with  the  onset 
of  formation  of  secretions,  the  appearance  in  it  of  a  large 
n'umber  of  vacuoles,  and  their  Irruption  through  the  nuclear 
membrane  Into  the  cytoplasm.  The  RNA  of  the  nucleolus  dur¬ 
ing  the  period  of  accumulation  of  zymogen  in  the  cell  is 
gradually  replaced  by  vacuoles,  the  contents  of  which  are 


also  secreted  Into  the  cytoplasm.  Disruptions  of  nervous 
regulation  (vagotomy)  and  the  release  of  secretin,  pilocar¬ 
pine,  and  ephedrlne  cause  an  intensification  of  these  changes 
and  a  displacement  of  the  phases  of  secretion  in  time, 

Kh,  Ya.  Puzhaka  (Riga)  presented  findings  on  the  in¬ 
fluence  on  mitotic  activity  of  adrenalin  and  pilocarpine  un¬ 
der  conditions  of  complete  absence  of  nsurohumoral  regula¬ 
tion,  In  1  splat ed  corneas  of  white  rats' k'ppt  in  physiologic 
saline  solution,  the  nvimber  of  mitoses  gradually  decreases. 

The  addition  of  adrenalin  accelerates  this  process,  where¬ 
as  the  addition, of  pilocarpine  elicits  an  intensification  of 
proliferation  as  compared  with  controls.  The  author  con-  . 
eludes  that  the  Influence  on  mitotic  activity  of  adrenalin 
and  pilocarpine  in  Isolated  tissue  is  analagous  to  the  ef¬ 
fect  of  these  substances  on  cell  division  in  the  organism. 

The  report  of  L.  G.  Volffenzon  (Leningrad)  was  de¬ 
voted  to  a  study  of  the  effects  of  novocain  on  a  number  of 
tissues  not  of  the  nerve  type.  He  showed  that  novocain,  in 
concentrations  used  for  purposes  of  local  anesthesia,  causes 
a  reversible  injury  of  mesothellal  and  mast  cells  of  the  z^at 
perltonevim, 

Ya,  T.  Tslnovskiy  (Riga)  reported  on  studies  of  cel¬ 
lular  elements  participating  in  the  formation  of  the  sex 
cells  of  certain  beetles  and  sawflles.  The  author  studied 
the  initial  period  of  garaetogenesis  in  these  objects  and 
showed  that  an  active  role  in  this  process  is  played  by  api¬ 
cal  cells,  which  support  and  provide  nutrition  to  the  pri¬ 
mary  ovogonla  and  spermatogonia, 

Yu.  K.  Bogoyavlenskiy  (Moscow),  studying  the  finer 
structure  of  the  cuticle  with  the  aid  of  the  electron  micros¬ 
cope,  demonstrated  in  its  composition  the  presence  of  two 
layers  in  addition  to  the  six  already  known  and  also  des¬ 
cribed  the  finer  structure  of  each  layer. 

In  the  report  of  V.  P.  Mashanskly,  U.  L.  Goroshchenko, 
and  T.  N.  Mosevlch  (Leningrad)  devoted  to  an  electron  raici'os- 
copic  study  of  the  superficial  layer  of  spermatocytes  of  the 
mite,  a  descz’iptlon  was  given  of  the  formation  and  finer  , 
structure  of  this  layer,  and  also  of  the  development  of  spe¬ 
cial  fibrils  on  the  surface  of  the  prospermia  which  apparently 
exercise  a  supportive  fijnctlon. 

In  the  report  of  G,  U.  Abraytis  (Kaunas),  read  at  a 
plenary  session,  extensive  pathological  and  anatomical  ma¬ 
terial  was  used  to  investigate  the  changes  of  the  gastric 
mucosa  in  the  region  of  i;he  lesser  curvature  in  the  vicinity 
of  the  pylorus.  The  author  showed  that  the  number  and  size 
of  pyloric  glands,  the  thickness  of  the  connective  tissue 
layers  between  them,  and 'the  thickness  of  the  mucosa  of  this 
part  of  the  stomach  change:  with  age. 
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In  the  histology  section,  reports  were  heard  on  the 
Innvervatlon  of  different  organs  In  the  normal  and  under 
different  pathologic  conditions;  P.  B.  Kheyman  (Minsk)  gave 
a  description  of  the  innervation  of  the  urinary  h] adder;  A. 

S.  Vitkus  (Kaunas)  studied  in  detail  the  intraorgan  nerves 
of  the  spleen;  P*  I,  Lobko  (Minsk)  read  a  report  on  the  par** 
ticlpation  of  cell  processes  of  spinal  ganglia  in  the  forma¬ 
tion  of  the  celiac  plexus;  Ye.  N,  Chayka  (Minsk)  described 
the  growth  of  cells  and  fibers  of  the  pelvic  plexus  during 
chronic  pathologic  processes. 

In  a  report  entitled  "The  Problem  Of  the  Division  of 
Nerve  Cells,"  S»  A.  Agureykln  (Riga),  on  the  basis  of  data 
from  the  literature  and  of  his  own  observations  (a  morpho¬ 
logic  study  of  cells  of  the  superior  cervical  ganglion  of 
the  rabbit  after  transection  of  the  preganglionic  nerve  fi¬ 
bers),  concluded  that  the  prevailing  point  of  view  concern¬ 
ing  the  constancy  of  the  quantitative  composition  of  neurons 
in  the  organism  is  correct, 

O,  N.  Vinogradova  (Riga)  studied  the  structure  of  syn¬ 
apses  in  the  gastrointestinal  tract  in  different  species  of 
vertebrate  animals  and  following  vagotomy.  She  showed  that 
the  contact  apparatus  of  the  autonomic  nervous  system  of 
vertebrates  is  distinguished  by  a  diversity  of  morphologic 
structures  and  exhibits  species  difference s„ 

Reports  vjere  also  heard  from  Kh,  V.  Kubar  (Tartu) 
concerning  variability  in  the  volume  of  the  glandular  tissue 
of  the  oviduct  in  domestic  birds;  from  S.  Aul*  (Tartu)  con¬ 
cerning  structural  and  functional  changes  in  the  sympathec- 
tomlzed  uterus  of  the  rabbit;  and  from  A.  T,  Galenlyetse 
(Riga)  concerning  changes  in  the  blood,  bone  marrow,  and  con¬ 
nective  tissues  under  the  influence  of  an  extract  of  ascar- 
ids, 

P,  Shevltskis  (Vilnius)  presented  a  report  at  a  plen¬ 
ary  meeting  on  embryologic  findings  concerning  the  problem 
of  regeneration  in  the  animal  vjorld. 

At  the  final  plenary  session,  interesting  reports 
were  given  on  the  formative  role  of  the  mesenchyme  in  the 
growth  of  the  human  fetus  by  P.  Ya.  Gerke  (Riga).  Giving 
numerous  examples,  the  speaker  showed  that  the  embryonic 
mesenchyme  during  the  groxcth  of  the  fetus  is  the  first  inde¬ 
pendent  tissue  to  be  distributed  outside  the  embryonic  layers. 
It  participates  in  the  formation  of  the  embryo  as  a  sort  of 
tissue  medium,  facilitating  the  growth  and  differentiation 
of  parts  of  organs  and  their  mutual  replacement.  Later, 
with  the  cessation  of  differentiation,  the  embryonic  mesen¬ 
chyme  disappears,  giving  place  to  the  cellular  elements  char¬ 
acteristic  of  the  definitive  structure  of  the  organ. 

The  majority  of  reports  evoked  a  lively  exchange  of 
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opinions  and  sometimes  a  sharp  discussion,  despite  the  fact 
that  the  absence  .of  printed  svimraarles  in  some  cases  compli¬ 
cated  the  problem  of  orientation  with  respect  to  the  con¬ 
tent  of  the  reports.  The  work  of  the  conference  preceded  in 
a  business-like  and  friendly  atmosphere,  and  demonstrated 
the  fruitfulness  of  this  type  of  small  conference  of  workers 
in  various  but  related  specialties  from  different  cities  and 
republics* 
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